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1.0 PROJECT SUMMARY

Unsteady wake effect on detailed heat transfer coefficient and f'dm cooling

effectiveness distributions is presented for a downstream fill-cooled gas turbine blade,

The detailed heat transfer coefficient and film effectiveness distributions on the blade

surface are obtained using a transient liquid crystal technique. The blade surface is coated

with a thin layer of thermochromic liquid crystal and transient tests are run to obtain the

heat transfer coefficients and film cooling effectiveness. Upstream unsteady wakes are

simulated using a spoke-wheel type wake generator. Tests were performed on a five-

!

blade linear cascade at an axial chord Reynolds number of 5.3 x 105 at cascade exit. The

test blade has three rows of film holes on_the"iea_g edge and two rows each on the

pressure and suction surfaces. Air and CO2 were used as coolants to simulate different

coolant-to-mainstream density ratio effect. Coolant blowing ratio is varied from 0.4 to

1.2. Results show that Nusselt numbers for a f'dm-cooled blade are much higher

compared for a blade without film injection. Particularly, fill injection causes earlier

boundary layer transition on the suction surface.: Unsteady wake slightly enhances

Nusselt numbers but significantly reduces film cooling effectiveness on a f'dm-cooled

blade compared with a f'dm-cooled blade without wake. Nusselt numbers increase
......... i ....

slightly but f'dm cooling effectiveness increases significantly with an increase in blowing

ratio for CO2 injection. Higher density coolant (CO2) provides higher effectiveness at

higher blowing ratios (M=l.2) whereas lower density coolant (Air) provides higher

effectiveness at lower blowing ratios (M--0.8).



The effect of unsteady wakes with trailing edge coolant ejection on surface heat

transfer coefficients and film cooling effectiveness is also presented for the same

downstream film-cooled turbine blade. The coolant jet ejection is simulated by ejecting

coolant through holes on the hollow spokes of the wake generator. For a blade without

film holes, unsteady wake increases both pressure side and suction side heat transfer

levels due to early boundary layer transition. Adding trailing edge ejection to the

unsteady wake further enhances the blade surface heat transfer coefficients particularly

near the leading edge region. For a film-cooled blade, unsteady wake effects slightly

enhance surface heat transfer coefficients but significantly reduces film effectiveness.

Addition of trailing edge ejection to the unsteady wake has a small effect on surface heat

transfer coefficients compared to other significant parameters such as film injection,

unsteady wakes, and grid generated turbulence, in that order. Trailing edge ejection has

more effect on film effectiveness distribution than on the heat transfer coefficients.

The film effectiveness and coolant jet temperature prof'de on the suction side of a

gas turbine blade were measured over a turbine blade using a transient liquid crystal and

a cold-wire technique, respectively. The blade has only one row of film holes near the

gill hole portion on the suction side of the blade. Tests were performed on a five-blade

linear cascade in a low-speed wind tunnel. The mainstream Reynolds number based on

cascade exit velocity was 5.3×10 5.

spoke-wheel type wake generator.

Upstream unsteady wakes were simulated using a

Coolant blowing ratio was varied from 0.6 to 1.2.

Wake Strouhal number was kept at 0 and 0.1. Results show that unsteady wake reduces

film cooling effectiveness. Results also show that film injection enhances local heat



transfer coefficient while the unsteady wake promotes earlier boundary-layer transition.

The development of coolant jet mean temperature and temperature fluctuation profiles

could be used to explain the film cooling performance.

Detailed heat transfer coefficient and film effectiveness distributions as well as

film temperature profiles are presented on a cylindrical leading edge model. Tests were

done in a low speed wind tunnel on a cylindrical model in a crossflow with two rows of

injection holes. Mainstream Reynolds 'number based on the cylinder diameter was

100,900. The two rows of injection holes were located at _ 15 ° from stagnation. The film

holes were spaced 4-hole diameters apart and were angled 30 ° and 90 ° to the surface in

the spanwise and streamwise directions, respectively. Heat transfer coefficient and film

effectiveness distributions are presented on only one side of the front half of the cylinder.

Film coolant temperature distributions are taken at 20 °, 30*, 50 °, and 70* from

stagnation and presented as mean temperature and temperature fluctuation. Air and CO2

were used as coolant to simulate coolant-to-mainstream density ratio effect. The effect of

coolant blowing ratio was studied for blowing ratios of 0.4, 0.8, and 1.2. Results show

that Nusselt numbers downstream of injection increase with an increase in blowing ratio

for both coolants. Air provides highest effectiveness at blowing ratio of 0.4 and CO2

provides highest effectiveness at a blowing ratio of 0.8. Higher density coolant (CO2)

provides lower Nusselt numbers at all blowing ratios compared to lower density coolant

(air). An increase in free-stream turbulence has very small effect on Nusselt numbers for

both coolants. However, an increase in free-stream turbulence intensity (up to 7%)

reduces film effectiveness significantly at low blowing ratios for both coolants.



2.0 INTRODUCTION

2.1 Background

A continuing trend towards higher gas turbine inlet temperatures has resulted in

higher heat loads on turbine components. Sophisticated cooling techniques are employed

to cool the components to maintain the performance requirements. Some turbine blades

are cooled by ejecting cooler air from within the blade through discrete holes to provide a

protective film on the surface exposed to hot gas path.

Many studies have presented heat transfer measurements on turbine blades with

film cooling. Nirmaian and Hylton (1990) and Abuaf et al. (1995) studied heat transfer

on film cooled turbine vanes. Camci and Arts (1990) studied heat transfer coefficients
£ 7 7

on film cooled turbine blades. Takeishi et al. (1992) compared the film effectiveness

values for a stationary cascade under 4% mainstream turbulence intensity and for a rotor

blade using the heat-mass transfer analogy, ito et al. (1978) and Haas et al. (1992)

studied the °effect of coolant density on film effectiveness on turbine blades under low

mainstream turbulence levels, ito et al. (1978) found that an increase in coolant-to-

mainstream density ratio causes an increase in film effectiveness on both pressure and

suction surfaces for a blowing ratio of 1.0. Haas et al. (1992) found their results show the

same trends as that of Ito et al. (1978). They reported that an increase in density ratio for

a low blowing ratio of 0.5 causes a decrease in film effectiveness on the suction surface.

However, an increase in density ratio causes an increase in film effectiveness at higher

blowing ratios. Ames (1998) reported the influence of high free-stream turbulence on

turbine vane heat transfer coefficient and film effectiveness distribution.
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The effect of unsteadywakesproducedby upstreamvanetrailing edgeshasa

strong effect on rotor blade surfaceheat transfer distributions.Severalstudieshave

focusedon theeffectof unsteadywakeon thedownstreambladeheattransfercoefficient

distributionswithout film cooling. Many researchers,for example,Abhari et al. (1994),

Blair et al. (1989),Blair (1994),Doofly (1988),Dullenkopfet al. (1991),Dullenkopf and

Mayle (1994),Dunn et al. (1989,1994),Hanet al. (1993),Liu andRodi (1992),O'Brien

andCapp(1989),Wittig et al. (1987)havestudiedthe effectof unsteadywakescaused

by trailing edges of the vanes and the blade rotation on the surfaceheat transfer

coefficient of the downstreamblades. Ashworth et al. (1985), Doorly and Oldfield

(1985),andZhangandHan(1995)studiedthecombinedeffectof free-streamturbulence

andwakepassingon turbinebladeheat transfer. They all reportedthat unsteadywake

enhancedturbine blade heat transfer and caused earlier and longer laminar-turbulent

boundary layer transition on the suction surface. Few studies have focused on the effect

of unsteady wakes on film cooled turbine blades. Abhari and Epstein (1994) conducted

heat transfer experiments on a fully cooled transonic turbine stage in a short duration

turbine facility. They measured steady and time-resolved chord-wise heat flux

distributions at three spanwise locations. They concluded that film cooling reduces the

time-averaged heat transfer by about 60% on the suction surface compared to the

uncooled rotor blade. However, the effect is relatively low on the pressure surface. Ou

et al. (1994), and Mehendale et al. (1994) simulated unsteady wake conditions over a

linear turbine blade cascade with film cooling. They studied the effects of unsteady wake

on a model turbine blade with multiple-row film cooling using air and CO2 as coolants.

They measured heat transfer coefficients and film cooling effectiveness at discrete

5



locationsusingthin foil heatingandmultiple thermocouples.They concludedthat heat

transfercoefficient increasesandfilm coolingeffectivenessdecreaseswith anincreasein

unsteadywake strength.They also concludedthat the higher density (CO2) coolant

providesbetter film cooling effectivenessat higher blowing ratios than lower density

coolant(air).

In gasturbineenginestheunsteadywakesgeneratedby the trail!ng edgesof the

upstreamvanesandthebladerotationsignificantlyinfluencethedownstreamrotor blade

heat transfer. The upstreamvanesare internally cooled and hence somecoolant is

ejected through ejection holes located at the trailing edge. This coolant ejection

combined with the unsteadywake further affects heat transfer coefficients on the

downstreamrotor blade. Heat transfercoefficientson downstreambladesunder the

effects of unsteady wake and trailing edge ejection are important for design

considerations.Dunn(1986)measuredheatflux for therotorbladeof aGarrettTFE 731-

2 hp full stagerotating turbine with upstreamnozzleguide vane (NGV) trailing edge

injection. They found thattheNGV injectioneffect is to significantly increasethe local

bladeheattransferup to 20percentof thestreamwisedistancefrom theleadingedgeon

thesuctionsurfaceandtenpercenton thepressuresurface.

The leadingedgeof the turbinebladeis the mostcritical heat transferregion as

someof the highestheattransferoccursin that region.So,film cooling nearthe turbine

bladeleadingedgeis essentialto protectthebladefrom thehot gasesandpreventfailure.

The inlet high temperaturegasesfrom the combustorto the turbine inlet are highly

turbulent.Also, sincethecoolantis coolerthanthemainstream,thecoolantis at a higher

densitythan themainstream.Theinfluenceof free-streamturbulenceandcoolantdensity
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on the turbine blade leadingedgefilm effectivenessand heat transfercoefficients are

important. The leadingedgeregionof theturbinebladehasbeena focusfor many film

cooling studies.LuckeyandL'Ecuyer(1976)andBonniceandL'Ecuyer (1983)studieda

circularcylinderwith severalrowsof spanwiseinjection holesto model the leadingedge

region.Theyreportedthatthesurfaceheatflux wasverymuchdependenton theinjection

geometryand coolantblowing ratio. Mick and Mayle (1988)studiedfilm cooling on a

blunt body with a semi-circularleadingedgeand flat after body. They concludedthat

leadingedgeinjection reducesthe surfaceheatload for lower blowing ratios.They also

determinedthat the regionsof high effectivenessdo not necessarilycorrespondto the

regionshaving a high heat transfercoefficient. Karni and Goldstein (1990) used the

naphthalenesublimationtechniqueto studytheeffectsof surfaceinjection on local mass

transferfrom a circularcylinder in crossflowwith onerow of inclinedholes.Mehendale

and Han (1992) studied the effect of free-streamturbulenceon leading edge film

effectivenessand heat transfer coefficient. They reported that high free-stream

turbulencereducedfilm effectivenessand enhancedheattransfercoefficient.Ou et al.

(1992) studiedthe effectof film hole row location on the sametest model as that of

MehendaleandHan (1992).Theyreportedthatfilm coolingeffectivenesswashigher for

injection fartherdownstreamfrom thetrue leadingedge.Ou andHart (1992)studiedthe

effectof slot injection andfree-streamturbulenceon theblunt body model.Salcudeanet

al. (1994) studiedthe effect of coolantdensityon film effectivenesson a semi-circular

leadingedgewith afiat afterbody.Theyreportedthathigherdensityfluid (CO2)provides

highesteffectivenessat a higherblowing ratio comparedto a lower densityfluid (air),

particularlyfartherdownstreamof injection. Leeet al. (1994)studiedthe effectof free-



streamturbulenceandhorse-shoevorticeson masstransferon a film cooled cylinder.

Theyreportedthatan increasein free-streamturbulencereducestheeffectsof horse-shoe

vortex structure.Funazakiet al. (1995) studiedthe effectsof periodic wake passingon

film effectivenessaroundtheleadingedgeof a blunt body. They reporteda decreasein

film effectivenesswith anincreasein wakestrength.

In recent years, liquid crystal techniqueshave beenused extensively for heat

transfermeasurements.The two main advantagesof this techniqueover the classical

techniquesarehigh spatialresolutionandgoodgeometricaladaptability. In addition to

thoseadvantages,Hippensteeleet al. (1983) indicatedthat, unlike thermocouples,liquid

crystal coatings are non-intrusive and cheaperand, therefore, could be a superior

alternativeto therrnocouplesfor the low temperaturetests. Vedulaand Metzger (1991)

presenteda transientliquid crystal techniquefor detailed measurementsof both heat

transfercoefficientsandfilm cooling effectivenessover a fiat surfacewith one row of

simpleangleinjectionholes. Martinez-Botaset al. (1995)presenteddetailedheattransfer

coefficientdistributionsona non-filmcooledbladein anannulartransoniccascadeusing

a transient liquid crystal technique. Hoffs et al. (1997) measuredheat transfer

coefficients in a linear cascadewithout film cooling using a transient liquid crystal

technique and compared the results with measurementsusing the naphthalene

sublimation masstransfer technique. Other studies such as Ekkad et al. (1997a-b)

presenteddetailedheattransfercoefficient andfilm effectivenessdistributionson a flat

surfacewith compoundangleinjection. Theyusedatransientliquid crystal techniquefor

detailedheattransfercoefficient andfilm effectivenessmeasurement.Drost and B61cs



(1998)alsoreporteddetailedheattransfercoefficientandfilm effectivenessdistributions

ona turbinevaneusingatransientliquid crystaltechnique.

The measurementof coolant jet temperature

describedin the study of Kohli and Bogard (1998).

field using cold-wire is well

Their study has focused on

temperaturemeasurementsin a film cooling flow field on the flat plate. A high-

frequency-responsetemperaturesensorwasused,whichprovidedinformationaboutfilm

cooling flow in termsof actualturbulencelevelsandprobabilitydensityfunctionsof the

thermal field. They concludedthat film cooling jets tend to lift off the surfacewith

higher blowing ratio and lateral injection yields a more uniform distribution of

effectivenessimmediatelydownstreamof injection.

2.2 Objective

The objectives of this study are:

(1) The effect of unsteady wake on turbine blade heat transfer coefficient and film

cooling effectiveness distributions. Tests were performed on a five-blade linear

cascade in a low speed wind tunnel at an axial chord Reynolds number of 5.3 x 10 5

at cascade exit. Upstream unsteady wakes are simulated using a spoke-wheel type

wake generator. The test blade has three rows of film holes on the leading edge and

two rows each on the pressure and suction surfaces. Air and CO2 were used as

coolants to simulate different coolant-to-mainstream density ratio effect. Coolant

blowing ratio is varied from 0.4 to 1.2. The detailed heat transfer coefficient and film

9



(2)

effectiveness distributions on the blade surface are obtained using a transient liquid

crystal technique.

The effect of unsteady

downstream blade heat

wake with trailing edge coolant ejection on the

transfer coefficient and film cooling effectiveness

distributions. Tests were performed on a five-blade linear cascade in a low speed

wind tunnel. The test blade has three rows of film holes on the leading edge and two

rows each on the pressure and suction surfaces. The exit Reynolds number based on

the blade axial chord is varied from 5.3 x 105 to 7.6 x 10 5 for the heat transfer

coefficient measurement and is 7.6 x 10 5 for the film cooling effectiveness

measurement. Unsteady wakes are produced by a spoked wheel-type wake generator

upstream of the five-blade linear cascade. The coolant jet ejection is simulated by

ejecting coolant through holes on the hollow spokes of the wake generator.

(3) The effect of unsteady wake on film temperature and effectiveness distributions

for a gas turbine blade with only one row of film holes near the gill hole portion.

Tests were performed on a five-blade linear cascade in a low-speed wind tunnel.

The mainstream Reynolds number based on cascade exit velocity was 5.3x10 5.

Upstream unsteady wakes were simulated Using a spoke'wheel type wake generator.

Coolant blowing ratio was varied from 0.6 to 1.2. Wake StrouhaI number was kept

at 0 and 0.1. The film temperature distributions are measured at X/D=I, 5, 10 and

15 from the centerline of the film cooling holes. The film mean temperature and

temperature fluctuation profiles are measured using a cold-wire technique.

(4) The effect of free-stream turbulence on leading edge region heat transfer

coefficient and t'dm cooling effectiveness distributions and film temperature

10



profiles. Tests were done in a low speed wind tunnel on a cylindrical model in a

crossflow with two rows of injection holes. Mainstream Reynolds number based on

the cylinder diameter was 100,900. The two rows of injection holes were located at

± 15 ° from stagnation. The film holes were spaced 4-hole diameters apart and were

angled 30 ° and 90 ° to the surface in the spanwise and streamwise directions,

respectively. Heat transfer coefficient and film effectiveness distributions are

presented on only one side of the front half of the cylinder. Air and CO2 were used

as coolant to simulate coolant-to-mainstream density ratio effect. The effect of

coolant blowing ratio was studied for blowing ratios of 0.4, 0.8, and 1.2. Film

coolant temperature distributions are taken at 20 ° , 30 ° , 50 ° , and 70 ° from stagnation

and presented as mean temperature and temperature fluctuation.

11



3.0 TEST APPARATUS AND DATA ANALYSIS

3.1 Test Apparatus and Instrumentation

Figure 1 shows the schematic of the test section and camera locations for the

detailed film cooling measurements over a gas turbine blade model without wake effect.

The test apparatus consists of a low speed wind tunnel with a suction type blower. The

five-blade linear cascade is shown in the figure. The mainstream turns 107.49 ° and the

flow is accelerated 2.5 times from inlet to exit of cascade.

\

A 25-HP AC motor powers the suction blower. The rotation speed of the motor is

varied by adjusting a frequency controller to obtain the different Reynolds numbers. The

mainstream Reynolds number based on axial chord length of the blade is 5.3×105 . The

blade configuration is designed to produce a similar velocity ratio (V/V2) distribution as

in a typical advanced high pressure turbine blade cascade. The selected blade has a

107.49 ° turning with relative flow angles of 35 ° and -72.49 ° at the blade inlet and outlet,

respectively. Each blade in the linear cascade has an axial chord length of 17 cm and

radial span of 25.2 cm. The blade-to-blade spacing is 17.01 cm at the cascade inlet and

the blade throat-to-span ratio is 5. The blade configuration, scaled up five times, produces

a velocity distribution typical of an advanced high pressure turbine blade row.

A calibrated, single hot wire is used to measure the instantaneous velocity from

which the time mean turbulence intensity and ensemble-averaged velocity and the

turbulence intensity can be evaluated. The hot wire sensor is vertically oriented at the

inlet of the pressure side passage of the test blade, 8.82cm downstream of the spokes, and

connected to a three-channel TSI IFA 100 constant Temperature Anemometer (CTA).

12



The analog signal from the anemometer is converted to digital by a 250kHz Data

Translation DT2831G A/D board installed in a PC.

A heater box, shown in Figure 1 (Figure 3(c) shows the schematic diagram of its

cross section), is used to preheat the middle test blade prior to the transient test. The same

blade is coated with a thin layer of thermochromic liquid crystals. The blade surface color

changes during the transient test is analyzed using a high-speed, high-resolution image

processing system. The image processing system consists of four cameras individually

connected to a color frame grabber board inside the PC. The cameras are focused using a

color monitor. A software is used to digitize the liquid crystal color changes. During a

transient test, only one camera is operational. Since the color changes are processed real

time and no frames are stored in the PC, the frame speed will be reduced if all the four

cameras are operated at the same time. Hence, four separate tests are required to map the

entire blade surface using four different camera locations as shown in the figure.

The surface of the center blade is painted black and uniformly coated with liquid

crystals (BM/R32C5W/17-10). The temperatures at which liquid crystal color changes

from colorless to red, red to green, and green to blue are 31.6°C, 32.7°C, and 37.2°C,

respectively. In the experiment the test blade was heated uniformly using a box-type

heater. The transient test requires that the blade be heated to a temperature higher than the

liquid crystal color range (37.2°C). During the transient test, the hot blade surface is

suddenly cooled by exposing it to a cooler mainstream flow. The heater box has the blade

profile and is slightly larger than the test blade. A gap of 10 mm exists between the blade

outside surface and the heater box inner surface. The insides of the heater box are

instrumented with thin foil heaters and controlled using several variacs to provide a near

13



uniform bladesurfacetemperature.Theheaterbox is loweredto completelycoverthetest

blade during heating. The blade surface temperatureis monitored using embedded

thermocouplesduring heating. The uniformity of surfacetemperaturewith heating is

within 1.2°C. An interpolation schemewas used to further reduce the temperature

variationin the initial surfacetemperatureto within 0.2°C.When thesurfaceis heatedto

the required uniform temperature,the suction type blower is switched on. The

mainstreamreachesfull flow within 20-30 seconds.Oncethe mainstreamhas reached

requiredflow, the heaterbox is lifted up Completelyto exposethe test blade to the

mainstream.The coolant flow and the image processingsystem are automatically

triggeredat the sameinstant the test surfaceis exposedto the mainstream.The color

changesduring thetransienttestaremonitoredby the System.The times of color change

on the blade surface to red at every pixel location is measured,

Before the blade surface is heated, the camera is focused on the particular region

of the blade. The blade is uniformly illuminated such that the entire region the Camera is

focused on indicates uniform background intensityl This intensity and light settings help

in correcting camera angles and blade curvature problems indicated by other studies

using liquid crystal techniquesl Once the heater box is lifted, the color intensity profiles at

each pixel on the region are analyzed during the transient test. Once the required color

intensity is matched, the actual time of color change for a particular color band

appearance is noted. This color change time is used in the data analysis explained in the

next section.

Figure 2 shows the schematic of the test section and camera locations for the

detailed film cooling measurements over a gas turbine blade model with wake effect.

14



Thetestapparatusis thesameasthat in Figure 1 exceptfor the spokedwheeltype wake

generator.Thewakegenerator,similar to theoneusedby Ou et al. (1994),simulatedthe

upstreamunsteadywake. Thewake generatorhas32 rods,each0.63cmin diameter,to

simulatethe trailing edgeof anupstreamvane. It is coveredwith a casingto prevent

leakageflow, andthe centeris locatedbelow the bottomwall of the wind tunnel. The

bladecascadeis installed downstreamof the wake generator.The wake generatoris

drivenby a 2.2kW DC motor. ThewakeStrouhalnumberis adjustedby controlling the

motor speed(N). The wake generatorrotation speedis measuredby a DT-36M digital

phototachometer.Theerror causedby usingnonparallelrotatingrodswith a linearblade

cascadewassmallandis discussedby Ouet al. (1994).

Figure 3(a)- (e)presentthe sectionof the film cooledturbineblademodel. The

coolantis suppliedto various locationson the bladesurfacethroughfive cavities.The

first cavity suppliescoolantto thethreeleadingedgefilm holerowsandeachof theother

four cavitiessupplycoolantto eachrow on the pressureandsuctionsurfaces.Coolant is

fed into each cavity from the bottom of the blade and flow rate into each cavity is

controlledusingaflowmeter.Thecoolantflow from eachflowmeter is passedthrougha

solenoid-controlledthree-waydiverter valve before the flow entersthe coolant cavity

insidethe blade.Eachsolenoidcontrolledvalve is connectedto a switchwhich triggers

the coolant flow into the cavitiesat the instant the transienttest is initiated. The blade

film hole row geometryand configuration are shown in the figure. Figure 3(a) also

presentsa 3-dimensionalview of the pressureandsuctionsurfacesof thetestblade.The

liquid crystalcoatedsurfaceareais 15.2cm wide andthe dataacquiringareais 7.6 cm

widealongthemidspanregionof thetestbladeasshownin Figure3(b).
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Figure4 showsthe schematicof the test sectionandcameraarrangementfor the

heattransferand film cooling measurementson a gas turbinebladewith the combined

effect of unsteadywake and trailing edge coolant ejection. For the heat transfer

coefficient measurement,a smooth-surfaceblademodel has beenused. For the film

cooling measurement,a film-cooled turbineblademodel asshownin Figure 3 hasbeen

used. The spokedwheel-typegeneratorhas32hollow rods to simulatethe trailing edge

of anupstreambladerow. Thereare32ejectionholesopeningtowardsthe downstream

blade to simulatethe trailing edgeejectionon eachrod. The ejection holeshave the

diametersof 0.16cm and are evenly spacedat three hole diametersapart from one

another. Figure 5(a)presentsa detailedsketchof therotating rod. The compressedair

sourceis connectedto therotationunion, throughwhich theair is transportedto the hub

andthento the ejectionholeson thehollow rods. Figure5(b) showstheconceptualview

of the unsteadywakesgeneratedby the rotating rodswith coolantejectionpassingthe

bladecascadein which theinlet velocity directionof thefree-streamandthe coolantjet

velocity directionareindicated.

A turbulencegrid is installed60cmupstreamof the testblade to generatefree-

streamturbulence. A turbulenceintensity of five percentat the inlet of the pressure

passageof thetestbladeis obtainedwithout thespokes.Thegrid is madeof hollow brass

tubes1.2cmsquarein crosssectionand4.8cmin pitch. The width and the height of the

grid are the same as that of the wind tunnel. The open area ratio of the grid is 54 percent.

Figure 6 presents the experiment setup for studying unsteady wake effect on the

film temperature and effectiveness distributions on a turbine blade model with only one

row of film holes near the gill hole portion on the suction side of the blade. There is
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onecavity usedto supplycoolantto therow of film holeson the suctionside. Thefilm

holes, 1.905mmin diameterand 10.16ramapart from one another(P/D=5.3), have a

radial angle of 90° and a tangentialangle of 40°.

(L/D=7.9). Flow rate is controlledby a flowmeter.

The film hole length is 15mm

The heatedcoolant flow is passed

througha solenoid-controlledthree-waydivertervalvebeforetheflow entersthecoolant

cavity inside the blade. The solenoid-controlledvalve is connectedto a switch that

triggerstheheatedcoolantflow into thecavityat theinstantthetransienttest is initiated.

For thefilm coolingeffectivenessmeasurements,theliquid crystalcoatedsurface

areais 7.2cmwide andthedataacquisitionareais 2.5cmwide alongthe midspanregion

of the test blade.The systemconsistsof 2 camerasindividually connectedto a color

framegrabberboardin thePC anda monitor. Softwareis usedto measurethe time of

color changeof liquid crystals. Duringonetest,only onecamerais operational. Hence,

we require2 different runswith 2 different cameralocationsto measureoneset of data

onthesuctionsidefor aparticularcondition.

The film temperaturedistributionsaremeasuredat X/D=I, 5, 10, 15 from the

centerlineof the film cooling holes as shown in Figure 7. The measuringplane is

perpendicularto the oncomingmainstream.Whenmeasuringfilm temperaturefield, the

blademodel is not heatedandonly the coolant is heatedandejected. The coolanthas

beenheatedto maintaina temperaturedifferencefrom free-streamat about 18°C. The

temperaturefield is measuredusingacold-wiresystem.Thecold-wire systemincludesa

tungstenwire probe, 51amin diameterand 1.5mmin length, and a temperaturebridge.

Thetemperaturebridgeis designedto restrictthecurrentappliedto the wire at lessthan

ImA to ensurenegligiblesensitivityto velocity. Thewire currentis typically maintained
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atabout70pA. Thefrequencyresponseof thecold-wire is about800Hz.The signalfrom

the cold-wire system is directed to an A/D converter installed in a PC. The A/D

converter has 12-bit resolution and maximum gain of 8. Resulting temperature

measurement accuracy is 0.1 °C.

Figure 8 presents the experimental setup for the film temperature and

effectiveness measurement on the cylindrical leading edge model. The setup consists of a

suction type blower that has a straight section with the test cylinder and an upstream

nozzle. The flow enters through the nozzle into the test tunnel. The test tunnel is 25.4 cm

x 76.2 cm in cross-section and is 183 cm long with the test cylinder placed 77.5 cm

downstream of the nozzle exit. A tailboard is placed at the rear of the cylinder to reduce

wake effects on the upstream heat transfer. The image processing system used for

measuring the detailed heat transfer coefficient and film effectiveness distributions

consists of a RGB camera, monitor, and a PC with a color frame grabber board. A

turbulence" grid is placed between the nozzle and the test tunnel to generate higher levels

of free-stream turbulence intensity. Two different size grids were used to generate the

turbulence levels of 4.1% and 7.1%. The coolant flow loop is also shown in the figure.

Compressed air or CO2 is routed through an orifice meter for the coolant flow. The

coolant is initially directed away from the test cylinder using a three-way ball diverter

valve. The valve is switched as the transient test is initiated. A heater heats the coolant

flow for the film effectiveness test.

Figure 9 shows the test cylinder. The cylinder is 7.62 cm in diameter and 25.4 cm

long. The cylinder is hollow with a polycarbonate exterior and copper interior. The

copper interior has six heaters embedded along the circumference to heat the cylinder
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uniformly. The six cartridgeheatersare25.4cm long and0.32cm in diameter.There is

no air space between the copper interior and the polycarbonate exterior. The

polycarbonatelayer is 0.64cm thick and haslow thermalconductivity and diffusivity.

Film holesaredrilled throughthe copperandpolycarbonatelayers.Coolant is sentinto

the hollow of the cylinder from thebottom of the cylinder andejectedout of the film

holes.The front half of the polycarbonateexteriorcanbe replacedas a smoothor film

holedsurface.Film holes,placed15" from theleadingedgeof thecylinder,are0.475cm

in diameterand are inclined 30° and 90° in the spanwiseand streamwisedirections,

respectively.Ten holes in eachrow arespacedfour-holediametersapart(P/d=4). The

film hole-to-cylinderdiameterratio (d/D) was0.063andthefilm hole length-to-diameter

ratio (L/d) was3.1. The measuredregion is limited to oneside of the front half of the

cylinder from stagnation(0°) to about70° from stagnation.A total of 7000points were

measuredon thetestsurface.

The testsurfaceis heateduniformly usingthecartridgeheaters.Cartridgeheater

power inputs are controlledusing a variac for eachheaterand surfacetemperatureis

monitoredby placing severalthermocoupleson the surface. Uniformity of the surface

temperatureis within 0.6°C whenthe test surfaceis heatedto a temperatureabovethe

liquid crystal range. ThermochromicIiquid crystalsaresprayeduniformly on the surface

using an air gun. Liquid crystal (Hallcrest: BM/R32C5W/C17-10) color change

temperaturesfor appearanceof red, green,andblue were 31.6°C, 32.7°C,and 37.2°C,

respectively. In thepresentexperiment,thesurfaceis heatedto a temperatureabovethe

blue color.The testsurfaceis suddenlycooledby inducingthe mainstreamflow by the

faststartingblower. Theblowertakeslessthanthreesecondsfrom initiation for full flow
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rate. The liquid crystal color changesfrom blue to greento red, and then becomes

colorlessduring the transienttest.Thecoolant flow is initiatedby a solenoidcontrolled

three-waydivertervalve.Theearliestcolorchangesduring thetransienttestoccuraround

15-20secondsfrom initiation. Theframegrabberboardis programmedto capturedata10

framesper secondin real time. The time of color changeat every pixel location is

analyzedandstoredin afile on thecomputer.

For the cylindrical leadingedgemodel,the coolant jet temperatureprofiles are

measuredat 20°, 30 °, 50 °, and 70 ° from stagnation as show in Figure 10. When

measuring the coolant jet temperature profiles, the leading edge model is not heated and

only the coolant is heated and injected. The temperature difference between free-stream

and the coolant is maintained at about 15°C. The temperature field is measured using a

cold-wire system. The cold-wire system includes a tungsten wire probe, 51.tm in diameter

and 1.5mm in length, and a temperature bridge. The temperature bridge is designed to

restrict the current applied to the wire less than 1 mA to ensure negligible sensitivity to

velocity. The wire current is typically maintained at about 70gA. The frequency

response of the cold-wire is about 800Hz. The measurement of temperature using cold-

wire is well described in the study of Kohli and Bogard (1996). The signal from the cold-

wire system is directed to an A/D converter installed in a PC. The A/D converter has 12-

bit resolution and maximum gain of 8. Resulting temperature measurement accuracy is

O.l°C.
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3.2 Test Conditions and Data Analysis

A transient liquid crystal technique was used to measure the detailed heat transfer

coefficients and film effectiveness on the blade surface. The technique is similar to the

one described by Ekkad et al. (1997a,b). A one-dimensional transient conduction model

into a semi-infinite solid with convective boundary condition is assumed. The solution

for surface temperature is obtained as

Tw "Ti

Tm "Ti
• h20_ t erfc(hX/-_)]- [1- exp(--k- T-)

(1)

where Tw is the wall temperature when liquid crystals change to red from green (32.7°C)

at time t, Ti is the initial surface temperature, Tm is the oncoming mainstream flow

temperature, and o_ and k are the thermal diffusivity and conductivity of the blade

material respectively. The heat transfer coefficient is obtained from Equation (1). For

film cooling tests, the mainstream temperature (Tm) in Equation (1) is replaced by the

local film temperature (Tf) which is a mixture of the coolant (To) and mainstream

temperatures. The film temperature is defined in terms of 11, which is the film

effectiveness.

Tf - Tm
r/ = -_---_; or Tf = r/Tc+(1-r/)Tm

lc-lm
(2)

For the film cooling test, we obtain an equation similar to Equation (1)
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Tw " Ti Tw " Ti
w

Tf - Ti /7 T¢ + (1 - z/) Tm" Ti
h2at effc(-_)]= [1- exp(---_) (3)

Two similar transient tests are run to obtain the heat transfer coefficient (h) and

film effectiveness (11). In the first test, the blade surface is heated and the coolant and

mainstream temperatures are nearly the same. In this case, there is only one unknown, h,

in the equation. For the second test, the coolant is heated to a temperature close to blade

initial temperature. The calculated local heat transfer coefficient from the first test is

substituted in the equation to obtain the local film effectiveness. The above equation is

solved at each point on the blade surface to obtain the detailed heat transfer coefficient

and film effectiveness distributions.

The experimental uncertainty in the measurement of the local heat transfer

coefficient (h), based on K.line and McClintocks (1953) methodology, is about 4.5%. The

individual uncertainties of all the parameters in Equation (I) have been included. The

uncertainty in the film effectiveness measurement includes the additional uncertainty in

heat transfer coefficient measurement and was estimated to be about 6.8%. It should be

noted that the uncertainty in the immediate vicinity of the hole (less than 1 diameter

around the hole) and close to blade trailing edge could be as high as 17% due to

invalidation of the semi-infinite model assumption. However, the semi-infinite solid

assumption can be applied where thickness of material is higher than 0.51 cm. The

uncertainty in the velocity measurement using the single hot wire was estimated to be

4%.
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A well-establishedcold-wire technique was used to measurethe detailed

temperatureandtemperaturefluctuationprofiles on the bladesuctionside. The mean

temperaturefields arepresentedas a non-dimensionaltemperaturedefined similar to

film effectiveness,i.e.,

(4)

The temperature fluctuation is normalized as

I

P --- m

r -r.
(5)

Here, if represent the root mean squared temperature fluctuation. 1200 data

points are measured at each measurement plane at different X/D locations. At each data

point, 36,864 samples are acquired and averaged to get time averaged and fluctuation

temperature. The uncertainty in the coolant jet temperature field measurement using

cold-wire was estimated to be 5.8%.
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4.0 RESULTS AND DISCUSSION

4.1 Detailed Film Cooling Effectiveness Measurements over A Film-

Cooled Gas Turbine Blade (Steady Flow)

Experiments were performed at a cascade exit Reynolds number of 5.3×105. The

corresponding flow velocity at the cascade exit was 50 m/s. Two different coolants, air

and CO2, are used to simulate coolant-to-mainstream density ratios of DR=I.0 and

DR=I.5, respectively. Air as coolant was tested at blowing ratios of 0.8 and 1.2 and CO2

was tested at blowing ratios of 0.4, 0.8, and 1.2. The flow conditions for the film cooling

tests are summarized in Table 1. For all the results presented in this study, the oncoming

free-stream turbulence intensity was measured to be about 0.75% at the cascade inlet.

Table 1 Test Conditions for Film Cooling Measurement

Case Re Coolant M VR DR i

5.3×1051

2

3

4

5

6

None

COz 0.4 0.27 1.5 0. I 1

CO2 0.8 0.53 1.5 0.42

CO2 1.2 0.8 1.5 0.96

Air 0.8 0.8 1.0 0.64

Air 1.2 1.2 1.0 1.44

• Effect of blowing ratio on Nusselt number distribution

Figure 11 presents the detailed Nusselt number distributions on the blade suction

and pressure surfaces for CO2 injection and blowing ratios of 0.4, 0.8, and 1.2. Case 1 is

for a smooth surface (no film holes); case 2 is for M=0.4; case 3 is for M=0.8; case 4 is
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for M=1.2 for a blade with film holes. The blades with and without film cooling holes

have same shape and flow angles. The blades are also made from the same material (Ren

Shape).

Effect on Suction Surface The smooth surface Nusselt number (case 1) levels

drop significantly from the leading edge with increasing streamwise distance on the

suction surface. Nusselt numbers are lowest around X/SL=0.5 after which the

Nusselt numbers increase again. This is due to boundary layer transition to

turbulence. Nusselt numbers are higher towards the trailing edge as the transition is

not complete. For a film cooled blade (case 2) with M=0.4, Nusselt number show

streaks due to film cooling jets downstream of leading edge holes. High Nusselt

numbers immediately downstream of injection decrease rapidly and the jet effect is

non-existent upstream of the first film hole row on the suction surface (S1).

Downstream of the row S 1, jet streaks of higher Nusselt numbers are obtained along

the holes. The streaks extend all the way up to the nest film hole row $2. However,

the jets do not cause any Nusselt number enhancement between the holes for row S 1.

Downstream of film hole row $2, the Nusselt numbers are significantly higher than

for case 1. Some streaks of high Nusselt numbers are obtained along the holes. Such

high levels of Nusselt number downstream of row $2 may be explained as follows.

Film injection may cause boundary layer instabilities which cause earlier laminar to

turbulent boundary layer transition. This may produce higher heat transfer

coefficients downstream of injection. After transition, the effect of coolant jets

disappears. Nusselt numbers decrease after transition with growth of the turbulent
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boundarylayer.With anincreasein blowing ratio (M=0.8,1.2)(case3 and4), Nusselt

numbersdownstreamof injection after everyrow showslight increases.The streaks

downstreamof hole row S1 becomestrongerand appearto mix downstreamwith

hole row $2. The effect of blowing ratio after hole row $2 is to increaseNusselt

number slightly. With an increasein blowing ratio, the jet-mainstreaminteraction

increasescausingmore turbulencedownstream.This may be the causefor higher

Nusseltnumberswith anincreasein blowingratio.

Effect on Pressure Surface For case 1, the Nusselt numbers drop rapidly till

X/PL=-0.15 and then increase a little bit over the entire surface. For case 2, film

injection has a very small effect immediately downstream of leading edge row

injection. However, Nusselt numbers are enhanced between the leading edge row and

first row P1 over case 1. Downstream of rows P1 and P2, film injection enhances

Nusselt numbers over case I. The effect of film injection on the pressure surface is

more in the region immediately downstream of injection. Since the boundary layer on

the pressure surface is thicker than on the suction surface, the effect on Nusselt

numbers due to film injection is lesser. Jet streaks are not evident on the pressure

surface. With further increase in blowing ratio from M=0.4 to M=l.2, Nusselt

numbers are not significantly affected. The increase in injectant mass into a thicker

boundary layer does not appear to disturb the boundary layer as significantly as in the

case of the thinner boundary layer on the suction surface.

Nusselt numbers with film injection are significantly enhanced due to the

boundary layer disturbance cause by injection. Earlier studies on film cooling have
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shownthat film injection cancreatelocal turbulenceintensitiesashigh as 15-20%

depending on blowing ratio. With such high local turbulence, heat transfer

coefficientsdownstreamof injectionaresignificantlyenhancedasseenin thefigure.

Figure 12presentsthespan-averagedNusseltnumberdistribution for cases1-4.

The Nusselt numberdistribution for case 1 are the lowest on both pressureand

suction surfaces.Laminar-turbulentboundarylayer transition on suction surface

occursat aboutX/SL=0.55.Nusseltnumbersareenhancedsignificantlywith addition

of film injection (case2-4). As explainedearlier, film injection disturbsboundary

layer and causesearlier transition to a turbulentboundary layer. Higher Nusselt

numbersareobtaineddownstreamof injection row S1. Further increasein Nusselt

numbersoccurswith transitionand addition of coolantat row $2. On the pressure

surface,film injection produceshigherheat transfercoefficientsfrom leadingedge

injection location to downstreamof hole row P2. Higher blowing ratio produces

higher Nusselt numbersdownstreamof injection for both pressureand suction

surfaces.

The presentresultsarecomparedto results for the samecasesfrom Ou et al.

(1994). The results for the smoothsurfaceblade are in good agreementwith the

presentdata.Ou et al. (1994) show much higherNusseltnumbersdownstreamof

injection holeon thesuctionsurface.However,thepressuresurfaceNusseltnumbers

with film injection are in goodagreementwith presentresults.There may be two

reasonsfor thedifferencesin theresults.The studyby Ou et al. (1994)hadthe same

coolantcavity feedingtheholerowsP2and$2. This maycausemorecoolantto exit

out of hole row $2 and causinghigher heat transfercoefficients.However in the

27



presentstudy,two different cavitiesfeedcoolantto thehole rows.This mayexplain

the lower Nusseltnumbersobtainedon the suctionsurface.Also, it is difficult to

estimatetheheatlossto thecoolantduring thesteadystatetestby Ou et ai. Sincethe

heatloss to coolantwasnot estimated,that could add to the error. Ou et al. (1994)

measuredfour thermocouplelocations in the spanwisedirection at every axial

location.

• Effect of blowing ratio on film effectiveness distribution

Figure 13 presents the detailed film effectiveness distributions for cases 2, 3 and

4.

Effect on Suction Surface For case 2, film effectiveness immediately

downstream of leading edge holes is as high as 0.5 but drops rapidly. The coolant

protection might dissipate rapidly in this high curvature region. Effectiveness is high

along the holes for row S 1. The film streaks are clearly evident along the injection

holes. The film streaks extend up to the next hole row $2. However, the film

effectiveness between the holes is lower due to lack of spanwise mixing of jets.

Effectiveness downstream of injection from row $2 shows shorter streaks with the

jets coalescing downstream. The high curvature of the blade and the boundary layer

transition to turbulence in this region (Figure 11) may be the reason for the shorter

streaks. As blowing ratio increases from M=0.4 to M=l.2, film effectiveness

downstream of each injection hole row increases. Effectiveness is higher downstream
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of leadingedgeholerowswith shortjet streaks.Theeffectivenessdownstreamof row

SI showsignificantincreasein film effectivenessvaluesalongthe hole.The streaks

of high effectivenessare strongerand appearto mix with downstreamrow $2.

Downstreamof $2 also,the effectivenessis higher.As blowing ratio increase,more

coolantis injectedinto themainstreamprovidingmoreprotectionto the surface.The

effectivenessis ashighas0.2ataboutX/SL=0.6for M=l.2.

Effect on Pressure Surface Effectiveness on the pressure surface do not show

strong jet like streaks as on the suction surface. Effectiveness levels are also not very

high downstream of injection holes. As blowing ratio increases, film effectiveness in

the entire injection region increases. The effect is significant downstream of LE holes.

Effectiveness also increases around injection hole rows P1 and P2. Higher blowing

ratio for CO: injection produces higher effectiveness on the blade surface. More

coolant is injected into the boundary layer with an increase in blowing ratio providing

more protection and thus higher effectiveness.

Figure 14 presents the span-averaged film effectiveness distributions for cases 2-

4. Effectiveness increases with increase in blowing ratio on the suction surface.

Effectiveness drops rapidly downstream of leading edge holes on the suction surface,

then increases immediately downstream of hole row S 1, drops again, and increases

immediately downstream of hole row $2 and then decreases gradually towards the

trailing edge for all three blowing ratios. Effectiveness decreases gradually over the

entire pressure surface for all three blowing ratios with intermittent highs downstream

of hole rows P1 and P2. Results from Mehendale et al. (1994) for the same coolant
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andflow conditionsarealsopresentedat M--0.8.The dataarecloseraway from the

injection holes. However, in the injection region, there are differences in the

measuredeffectivenesslevels betweenthe studies. The reason for this could be

similar to the reason explained for heat transfer coefficient data.

• Effect of coolant density

Figure 15 presents the detailed Nusselt number diStributions for air injection at

blowing ratios of M=0.8 (case 5) and M=l.2 (case 6). On the suction surface, the

Nusselt number distributions downstream of LE h6Ies and row S 1 are similar to the

cases for CO2 injection. Downstream of row $2, the Nusselt number distributions are

also similar except that the highest Nusseit numbers at the end of transition arehigher

for air for both blowing ratios than for CO2 injection. Nusselt numbers downstream of

injection rows show a slight increase with an increase in blowing ratio for air

injection. On the pressure surface, the effect of film injection is not as significant as

on the suction surface. The Nusselt number distributions are similar to that for CO2

injectionl The effect of blowing ratio on the pressure side is insignificant, Thereare

no strealdines of high Nusselt number downstream of injection holes for air injection

also.:

Figure 16 presents effect of coolant density on span-averaged Nusselt number

distributions for M--0.8 and M=1.2 (cases 3-4, 5-6). Air injection: simulates a density

ratio of 1.0 whereas CO2 injection simulates a density ratio of 1.5. Film injection

causes earlier boundary layer transition on the suction surface and enhances Nusselt
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numbersover the entire surface,as indicatedearlier.Effects of coolantdensity are

limited to regionsdownstreamof injection holes.Higher density coolantproduces

higher Nusselt numbersdownstreamof injection at the sameblowing ratio. This

effect is strongeron the suctionsurface.On the pressuresurface,the density ratio

effect vanishesimmediately downstreamof injection. Changesin coolant density

ratio hasonly a small effecton the alreadyhigh Nusseltnumbersproducedby film

injection.

Figure 17presentsthe detailedfilm effectivenessdistributionsfor the samecases

asshownin Figure 15 (cases5-6).The cases5-6 arefor M=0.8 and M=1.2 with air

injection.Effectivenessdistributionsfor air injection aresimilaronbothpressureand

suctionsurfaces.High effectivenessstreaksareevidentdownstreamof suction side

rowsS1 and$2. Effectivenessis veryhigh downstreamof LE holeson the pressure

surface.However, the main differenceis that air provideshigher effectivenessat

M=0.8 comparedto M=1.2. However,CO2injection provideshighereffectivenessat

highestblowing ratioof 1.2.This maybedueto thereasonthatair at M=l.2 produces

high momentumjets (I=1.44)whichtendto penetratetheboundarylayerandprovide

reducedprotection.At a lower blowing ratio of 0.8 (I--0.64), the jets have lower

momentumandtendto staycloserto thesurfaceandprovidebetterprotection.

Figure 18presentsthe span-averagedfilm effectivenessdistributionsfor the same

casesas for Figure 16 (cases3-4, 5-6). Film effectivenesson the suctionsurfaceis

higher for CO2injection at M=1.2. At a lowerblowing ratio of M--0.8, air provides

highereffectivenessthanCO2injection.At low blowing ratio of 0.8, air hashigher

but optimummomentum(I=0.64)comparedto CO2(I--0.42)andprotectsthesurface
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better. At M=l.2, air possess very high momentum (I=1.44) and coolant jets blow

into the mainstream penetrating the boundary layer and do not provide good

protection compared to CO2 injection (1=0.96). Overall, CO2 injection at M=l.2

provides highest effectiveness downstream of injection. But in the injection hole

region, it is difficult to distinguish the blowing ratio and density ratio effects.

Figure 19 provides more detailed Nusselt number distributions for CO2 injection

at M=0.8 in the region between LE and $2 rows on the suction surface. This figure

provides a magnified version of the results shown earlier. It also provides more

insight into the results that have been explained earlier. The detailed distributions

show streaks of higher Nusselt numbers downstream of each injection row as

indicated earlier. High effectiveness is obtained along the holes downstream of

injection as indicated earlier. Also, this figure shows clearly the lack of coolant jet-

to-jet interaction in the spanwise direction. The phenomena have been explained in

the earlier figures. Such detailed information will be useful for validating CFD

predictions for film cooling on curved surfaces.
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4.2 Effect of Unsteady Wake on Film Cooling Performance for A

Film-Cooled Gas Turbine Blade

Experiments were performed at a cascade exit Reynolds number of 5.3x105. The

corresponding flow velocity at the cascade exit was 50 m/s. Two different coolants,

air and CO2, are used to simulate density ratios of DR=I.0 and DR=I.5, respectively.

For CO2 as coolant, the blowing ratio was varied from 0.4 to 1.2. For air as coolant,

the blowing ratio was varied from 0.8 to 1.2. Wake Strouhal number is varied from

0.0 (no rod, no wake) to 0.1. Table 2 lists the test conditions.

Table 2 Test Conditions

Case No. S Coolant M VR DR I

1

2

3

4

5

6

7

8

No Wake None

0.1 None

No Wake Air 0.8 0.8 1.0 0.64

0.1 Air 0.8 0.8 1.0 0.64

0.1 Air 1.2 1.2 1.0 1.44

0.1 CO2 0.4 0.27 1.5 0.11

0.1 CO2 0.8 0.53 1.5 0.42

0.1 CO2 1.2 0.80 1.5 0.96

Figure 20 presents the local-exit velocity ratio (V/V2) distribution around the

blade. A pressure tap instrumented blade was used to measure the surface static

pressure distributions which was then converted to local

distribution around the blade (Ou et al., 1994). Figure

mainstream velocity

20 also presents the

instantaneous velocity (V(t) ), ensemble-averaged velocity ( 17 ) and ensemble-

averaged turbulence (Tu) profiles at the cascade inlet for strouhal number, S=0.1.
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Theinstantaneousvelocity profile showstheperiodicunsteadyfluctuationscausedby

the upstreampassingwakes. The unsteadywakesareactuallyvelocity deficiencies

causedby the blockageof mainstreamflow by the rotating rods. The ensemble-

averagedvelocity distributionshowthe time-dependentmeanvelocity defectcaused

by theupstreampassingwakes. Theensemble-averagedturbulenceintensityprofiles

shows that intensity could be as high as 20% inside the wake. The time mean

averagedturbulenceintensityis about10.4%.

• Effect of unsteady wake

Figure 21 presents the detailed Nusselt number distributions on the blade suction

and pressure surfaces for cases 1-4. Case I is for a smooth surface (no film holes)

without rods (S=O); case 2 is for a smooth surface with S--O.1; case 3 is for a film

cooled turbine blade with air injection at M=0.8 and no rods (S=0); case 4 is for a

film cooled turbine blade with air injection at M=0.8 and S---O. 1.

Effect on Suction Surface Nusselt number For a smooth surface without wake

(case 1), the Nusselt numbers drop rapidly from the leading edge to about X/SL=0.5

on the suction surface and then increase due to boundary layer transition to turbulent

flow. For a smooth surface with wake (case 2), the Nusselt numbers decrease along

the suction side but transition occurs (X/SL=0.25) earlier for this case than for case I.

Also the spanwise variation in the Nusselt number distribution in the transition region

reduces. For a blade with film cooling (case 3), Nusselt numbers are higher than for
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the case1 comparingonly theeffectof film cooling.On thesuctionsurface,Nusselt

numbersarehigher downstreamof injection from the leading edge.High Nusselt

numberstreaksareobtainedalongthe film holes.Nusselt numbers decrease towards

the first film hole row S 1. Nusselt numbers are higher along the holes immediately

downstream of injection from S 1 row. Between the film holes of S 1 row, Nusselt

numbers are not enhanced over case 1. Downstream of film hole row $2, Nusselt

numbers are significantly higher than for both cases 1 and 2. Some streaks of high

Nusselt numbers are observed immediately downstream between the film holes from

$2 row. Film injection may cause transition to occur even earlier than for case 2

(smooth blade with unsteady wake condition). Further addition of an unsteady wake

to the film cooled blade (case 4) does not appear to cause a significant effect on the

suction surface over case 3. The Nusselt number distributions are similar with slight

variations downstream of injection row $2. It appears that unsteady wake has little

effect on Nusselt numbers which are already enhanced by film injection. Comparing

cases 2 and 4 for at S=0.1, it can be seen that film injection enhances Nusselt numbers

significantly after injection hole rows S 1 and $2.

Effect on Pressure Surface Nusselt number For case 1, the Nusselt numbers

drop rapidly to about X/PL=-0.15 and increases a little bit over the entire surface.

Nusselt numbers are enhanced with the addition of wake (case 2) over the entire

pressure surface. For case 3, film injection has little effect immediately downstream

of leading edge row injection. However, Nusselt numbers are enhanced between the

leading edge row and first row P 1 over case 1. Downstream of rows P 1 and P2, film
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injection enhances Nusselt numbers over case 1. Compared to case 2, Nusselt

numbers for case 3 are not affected significantly by film injection as in the case for

suction surface. The effect of film injection on the pressure surface is more in the

region immediately downstream of injection. Nusselt numbers for case 3 are lower

than for case 2 in the region far away from P2 (-0.35<X/PL<-0.6). Since the boundary

layer on the pressure surface is thicker than on the suction surface, the effect on

7

Nusselt numbers due to film injection is lesser. Nusselt numbers for case 4 are not

significantly different from case 3 except in the region -0.35<X/PL<-0.6, where

Nusselt numbers for case 4 are higher. This region is far away from injection holes. It !
Z

I

may be concluded that this may be due to unsteady wake effect. Comparing cases 2

and 4 for same S=0.1, it may be noticed that film injection has some additional effect

on pressure surface Nusselt numbers downstream for leading edge film row.

Nusselt numbers with film injection are significantly enhanced due to the

boundary layer disturbance cause by injection. Earlier studies on film cooling have i
z
i

shown that film injection can create local turbulence intensities as high as 15-20% ||

_i

depending on blowing ratio. With such high local turbulence, heat transfer

coefficients downstream of injection are significantly enhanced as seen in the figure.

Further addition of unsteady wake elevates free-stream turbulence. This addition in

=

free-stream turbulence has only a slight effect on blade surface Nusselt numbers

already greatly enhanced by the high turbulence produced by jet-mainstream

interactions. Also, the local jet-mainstream boundary layer interaction causes earlier

transition on the suction surface and higher heat transfer coefficients. _-

Figure 22 presents the span-averaged Nusselt number distribution for cases 1-4.

36



The Nusselt numberdistribution for case 1 are the lowest on both pressureand

suctionsurfaces.TransitiononsuctionsurfaceoccursataboutX/SL=0.55.For case2,

Nusseltnumbersarehigherthanfor case1.Transitionlocationon thesuctionsurface

movesupstreamto X/SL=0.25.With film injection (cases3 and 4), the boundary

layer transition location movesfurther upstreamto immediatelydownstreamof the

first row on the suctionsurface(S1 at X/SL=0.15).Nusseltnumbersareenhanced

with addition of film injection without unsteadywake (case3). On the suction

surface,Nusseltnumberswith film injection aremuchhigher than for the smooth

surfacewith unsteadywake(case2). Boundarylayer is disturbedby film injection

downstreamof row S1. This causeshigher heat transfercoefficients immediately

downstreamof injection and causesthe boundary layer to undergo transition to

turbulence.The transitionalboundarylayeris furtherdisturbedby thesecondrow $2.

Nusselt numbersareenhanceddownstreamof both rows S1 and $2 on the suction

surface.Basedon the results,it canbe concludedthat boundarylayer transitionwith

film injection begins aroundX/SL=0.15 (around row S1). Nusselt numbersare

significantly affectedby film injection on the suction surface. However, further

addition of unsteady wake does not significantly affect the Nusselt number

distribution with film injection (case4 vs. case3). On thepressuresurface,unsteady

wakewith S=0.1(case2) enhancesNusseltnumbersup to 35% at X/PL=-0.5 overno

rod, nowakecase(case1).It is evidentthat unsteadywakehasa significanteffecton

Nusselt numberson the pressuresurfacefor a smoothsurfaceblade. For case3,

Nusseltnumbersareenhancedin the injectionregionby film injection overa smooth

surface. However further downstreamthe effect is dissipated. Unsteady wake
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imposedon film injection (case4) doesnot seemto havea significanteffect on the

pressuresurfaceoverasurfacewithout film injectionbut with unsteadywake.

The presentresultsarecomparedto resultsfor the samecasesfrom Ou et al.

(1994). The resultsfor the smoothsurfacebladewithout or with wake are in good

agreementwith thepresentdata.However,theNusseltnumbersfor thefilm injection

casesdo not agreewell in thefilm holeregionson thepressureandsuctionsurfaces.

Ou et al. (1994) presentedmuch higherNusseltnumbersdownstreamof injection

hole onboth pressureandsuctionsurfaces.Ou et al. (1994)measuredfour locations

in the spanwisedirectionat everyaxial location.This limited measurementcould be

the reasonfor overpredictionin their study. Film cooling causesstrong spanwise

variations,particularlynearthe film holeregion,asseenin Figure 21 which may be

difficult to measureusingdiscretethermocouples.

Figure 23 presentsthe detailedfilm cooling effectivenessdistributions for air

injection at M--0.8for cases3 and4.

Effect on Suction Surface Film Cooling Effectiveness For case 3, film cooling

effectiveness immediately downstream of leading edge holes is very high but drops

rapidly. The leading edge holes are located in the high curvature region. The coolant

protection might be dissipating rapidly. This may be the reason for the rapid drop in

effectiveness. Effectiveness is high along the holes for row S 1. The film streaks are

clearly evident downstream of the injection holes. The film streaks extend up to the

next hole row $2. However, the film cooling effectiveness between the holes is very
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low due to lack of spanwisemixing of jets. Effectivenessdownstreamof injection

from row $2 is alsostreaklikealongtheholes.However,the streaksareshorterand

thejets appearto coalescea little distancedownstream.This may be due to two

reasons.Oneis thehighcurvatureof thebladein this region.Anotherreasonmaybe

due to the boundary layer transition to turbulence in this region (Figure 21).

Effectivenessis higher than0.2 up to X/SL=0.7. For the casewith unsteadywake

(case4), the turbulencelevels in the free-streamarehigher.On the suctionsurface

leadingedge,effectivenessis reducedcomparedto case3. Theoncomingfree-stream

disturbedby passingwakesmight causethejets to breakdown.Effectivenessalong

the holesfor hole row S1 arealso significantly reduceddue to the unsteadywake

effect.Thestreaksof highereffectivenessarestill evident.However,theeffectiveness

levels are much lower. Downstreamof hole row $2, the unsteadywake reduces

effectivenesssignificantly. It may be important to note here that unsteadywake

imposedon film injection hasvery small effect onNusseltnumberson the suction

surface,but theeffecton film coolingeffectivenessis significant.

Effect on Pressure Surface Film Cooling Effectiveness For case 3, effectiveness

is again very high immediately downstream of leading edge row injection. However,

the positive curvature can cause the jets to protect the surface better in this region.

There is no significant drop in effectiveness after injection on the pressure surface.

Also, the row P 1 is closer to the leading edge rows. Effectiveness is very high in the

hole region and drops to about 0.2-0.3 immediately downstream of injection.

Effectiveness is high around the hole region for row P2 also. However, the values
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drop below0.2 after X/PL=-0.3.This maybedueto film dilution. For case4 on the

pressuresurface,the effect of unsteadywakehas slightly lessereffect on the film

cooling effectivenessin the injection hole region.The film cooling effectivenessin

the hole region is slightly reduced.Further downstream,the effect showsreduced

effectiveness.Effectivenessdropsbelow0.2 immediatelydownstreamof rowP2.

Although, the additionof unsteady wake has a very small effect on heat transfer

coefficients with film injection, the effect is significant on the film cooling

effectiveness distributions. Without unsteady wake, the film cooling jets protect the

surface better with limited mixing with the mainstream. Addition of unsteady wake

causes disturbances in the mainstream which result in more mixing between the

mainstream and coolant jets and reduce protection of the surface by the coolant jets.

This causes significantly reduced film cooling effectiveness with unsteady wake.

Figure 24 presents the span-averaged film cooling effectiveness distributions for

cases 3 and 4. Effectiveness is higher for case 3 compared to case 4 over the entire

turbine blade surface. Effectiveness on the suction surface near the leading edge is

high immediately downstream of injection and decreases rapidly and again increases

for rows S 1 and $2. Effectiveness is as high as 0.55 immediately downstream of row

$2. Further downstream effectiveness decreases gradually. On the pressure side,

effectiveness is high near the leading edge, decreases downstream with locally high

effectiveness immediately downstream of the injection row, P 1 and P2. Effectiveness

is lower on the pressure surface compared to that for the suction surface after the

second row of holes. The present results are compared to results for the same cases

from Mehendale et al. (1994). The data are closer away from the injection holes but
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in the injectionregion,thereis significantdifferences in the effectiveness levels. The

same explanation holds for the effectiveness measurements as for the Nusselt number

measurements.

• Effect of blowing ratio

Figure 25 presents the effect of blowing ratio on detailed Nusselt number

distributions for a given wake condition, S=0.1. Blowing ratio is varied from 0.4 to

0.8 to 1.2 (cases 6-8) for CO2 injection (DR=I.5). The case for smooth surface with

S=0.1 is also presented (case 2). On the suction surface, Nusselt numbers,

downstream of injection, slightly increase with an increase in blowing ratio. This is

true downstream of leading edge film row and row S 1. Downstream of row $2, the

blowing ratio effect is very small. This may be due to boundary layer transition to

turbulence in this region. An increase in blowing ratio does not seem to significantly

affect the Nusselt numbers which are already significantly high due to the boundary

layer transition. On the pressure surface, the detailed Nusselt number distributions

show very little effect of an increase in blowing ratio. An increased blowing ratio

causes increase in jet penetration and lesser cumulative effects. The thick boundary

layer on the pressure surface does not seem to be further affected by the increasing

coolant blowing.

Figure 26 presents the span-averaged Nusselt number distributions for the same

cases as for Figure 25 (case 2, cases 6-8). The no rod no wake case is also shown for

comparison. On the suction surface, film injection (M=0.4, case 6) enhances Nusselt
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numbersandcausesearlier transitionthan for a smoothsurface(case2) asexplained

earlier.However,thereis very little additionaleffectof blowing ratio (cases7 and 8

for M=0.8, 1.2) on the Nusselt number distributions except in the regions

immediatelydownstreamof injectionrows S1 and$2. On thepressuresurfacealso,

the effectof blowingratio is very little exceptin thefilm injection region.In thefilm

injection region on both surfaces,the Nusselt numbersare slightly higher with

increasingblowingratio.... : .......

Figure 27 presentsdetailedfilm cooling effectivenessdistributionsfor the effect

of blowing ratio under an unsteadywake condition of S=0.1 with CO2 injection

(DR=I.5) for cases6-8. It can be observedthat effectivenessincreaseswith an

increasein blowing ratio on thesuctionsurface.On the suctionsurface,effectiveness

streaksdownstreamof injection holesbecomestrongerwith an increasein blowing

ratio. Effectivenessis as high as 0.2 at X/SL--0.5 for a high blowing ratio of 1.2.

Effectivenessstreaksarenot seenfor row $2. Effectivenessdownstreamof row $2

appears to be affected by boundary layer transition causing the jets to coalesce

downstream of injection. Effectiveness immediately downstream of the leading edge

holes on the pressure surface increase significantly with an increase in blowing ratio.

Effectiveness streaks are not evident on the pressure surface. However, at M=l.2,

effectiveness appears to be higher around the holes with small streaks. An increase in

blowing ratio for CO2 injection produces increased effectiveness on the blade surface.

More coolant is injected into the boundary layer with an increase in blowing ratio

providing more protection and thus higher effectiveness.
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Figure 28 presents the span-averaged film cooling effectiveness distributions for

cases 6-8. Effectiveness increases with increase in blowing ratio on the suction

surface. Effectiveness drops rapidly downstream of leading edge holes on the suction

surface, then increases immediately downstream of hole row S 1, drops again, and

increases immediately downstream of hole row $2 and then decreases gradually

towards the trailing edge for all three blowing ratios. Effectiveness decreases

gradually over the entire pressure surface for all three blowing ratios. Effectiveness is

similar for M=0.4 and 0.8 on the pressure surface.

= Effect of coolant density

Figure 29 presents effect of coolant density on span-averaged Nusselt number

distributions for M=0.8 and M=l.2 for an unsteady wake condition of S=0.1 (cases 4-

5, 7-8). Air injection simulates a density ratio of 1.0 whereas CO2 injection simulates

a density ratio of 1.5. Nusselt numbers on both the surfaces are not affected

significantly by coolant density. Film injection enhances Nusselt numbers over the

entire surface and causes earlier boundary layer transition on the suction surface, as

indicated earlier. Increase in coolant density causes small effects immediately

downstream of injection holes. Higher density coolant produces higher Nusselt

numbers downstream of injection at the same blowing ratio. Nusselt numbers

downstream of injection are greatly enhanced by film injection over the blade surface.

Changes in coolant density ratio has only a small effect on the already high Nusselt

numbers.
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Figure 30 presentsthe span-averagedfilm coolingeffectivenessdistributionsfor

the samecasesasfor Figure 29 (cases4-5, 7-8). Film cooling effectivenesson the

suction surfaceis higher for higherdensitycoolant for both blowing ratios (M=0.8

and 1.2). Since CO2 is heavier (lower momentum flux ratio 1), the coolant jets tend to

stay closer to the surface and provide better protection compared to air. Air jets also

possess higher momentum than CO2 at same blowing ratio. Higher effectiveness is

obtained at M=l.2 for CO2 injection whereas higher effectiveness is obtained at

M=0.8 for air injection on the suction surface. On the pressure surface, CO2 injection

at M=0.8 produces the iowest effectiveness. Air injection provides higher

effectiveness closer to the leading edge. However, CO2 injection at M=1.2 produces

highest effectiveness after row P2. On the pressure surface also, effectiveness is

higher for M=1.2 for CO2 injection compared to M=0.8 and is higher at M=0.8 for air

injection compared to M=1.2 for same coolant. Heavier coolant (CO2) stay closer to

boundary layer and protects better. At low blowing ratio of 0.8, air has higher

momentum (I--0.64) than CO2 (I=0.42) and protects the surface better. At M=1.2, air

possess very high momentum (I=1,44) and coolant jets blow into the mainstream and

do not provide good protection than CO2 (I=0.96).
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4.3 Effect of Unsteady Wake with Trailing Edge Coolant Ejection on

Detailed Heat Transfer Coefficient for A Uncooled Gas Turbine

Blade

Case No.

1

2

3

4

5

6

7

8

9

10

11

Table 3 Flow conditions for heat transfer measurement

Re Tu S Mt Tu

5.3x105

7.6x105

0.7% No wake 0.0 0.7%

0.7% 0.1 0.0 10.4%

5.0% 0.1 0.0 13.7%

5.0% 0.1 0.25 13.4%

5.0% 0.1 0.50 13.0%

5.0% 0.1 1.00 12.7%

0.7% No wake 0.0 0.7%

0.7% 0.1 0.0 10.4%

5.0% 0.1 0.0 13.7%

5.0% 0.1 0.25 13.4%

5.0% 0.1 0.50 13.0%

m

A time-mean averaged turbulence intensity ( Tu ) is used in this study to describe

the total turbulence level of the mainstream at the blade cascade inlet edge ejection. The

time-mean averaged turbulence intensity definition is based on the integration of the

ensemble-averaged turbulence intensity over a rod passing period. The methodology is

described in detail by Zhang and Han (1995).

Figure 31(a) presents the effect of the unsteady wake on the spanwise-averaged

Nusselt number distributions on the blade surface for a Re=5.3×105. For Case 1 (No

wake) the suction surface Nusselt number decreases monotonically with increasing

streamwise distance (X/SL) from the blade leading edge and then increases sharply due

to the transition to turbulent flow around X/SL=0.55. The heat transfer coefficients near
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the trailing edge on the suction surfaceare high. This may be attributed to the

unsteadinessof the flow nearthe trailing edge. The pressuresurfaceNusseltnumber

decreasessharplywith increasingstreamwisedistancefrom thebladeleadingedge;it has

thelowestat X/PL=-0.05andthenincreasesslightly with increasingstreamwisedistance.

This may be due to the accelerationof the flow on the pressureside. The Nusselt

numbersonboth thesuctionandpressuresurfacesincreasewith an increasein the wake

Strouhal number from 'no wake' (case I) to S-_i (Case 2). The suction surface

boundary layer transition to turbulence starts e_lier, with an increase in the Strouhai

number. The increase in the suction surface heat transfer coefficients is much higher than

that on the pressure surface for increasing wake Strouhal numbers. The present results

compare well with results from Han et al. (1993) using a thin foil-thermocouple

technique for 'no wake' and S=0.1. Their inlet Reynolds number 3×105, based on the

cascade inlet velocity and the blade geometric chord length, is equivalent to the exit

Reynolds number 5.3×105 that is based on the cascade exit velocity and the axial chord

length used in the present study. ........

Figure 31(b) compares the results for the cases with Re=5.3×105 for (I) clear

wind tunnel, (2) wake only, (3) grid and wake, (4) grid, wake and jet M_-0.25, (5) grid,

wake and jet Mr=0.5, and (6) grid, wake and jet Mt=l.0. Results show that the blade

surface Nusselt numbers increase with adding unsteady wake and free-stream turbulence.

Boundary layer transition to turbulence on the suction surface occurs earlier with an

increase in mainstream turbulence level. Transition on the suction surface occurs at

X/SL=0.55 for Case I, at X/SL=0.3 for Case 2, and at X/SL ---0.25 for Case 3.
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For Cases2 and 3 theNusseltnumberincreaseson the suction surface with the

onset of transition and then decreases further downstream after the boundary layer

becomes fully turbulent. On the pressure surface Nusselt numbers increase with an

increase in mainstream turbulence level. For Case 1 the Nusselt number is lowest at

X/PL=-0.05. There could be a small separation bubble which causes a very low Nusselt

number in that region. Further downstream, Nusselt numbers increase with an increase in

streamwise distance. For the higher mainstream turbulence cases the Nusselt numbers

are flatter in that region. The increases levels of mainstream turbulence might tend to

reduce the flow separation in that region and thus reduces the effect on the heat transfer

coefficients. For the cases with trailing edge jets (Cases 4, 5, and 6) the effect of jets on

Nusselt number is different at different locations on the blade surface. On the suction

side before transition (X/SL<0.25) the jets enhance Nusselt number, and the higher the

mass flux ratio of the jets, the greater the magnitude of these effects. The jets can

enhance heat transfer up to 25 percent near the leading edge region (X/SL<0.2) for

Mt=0.5 (Case 5). In this region the effect of jet increased mainstream velocity and more

uniformly disturbed turbulence intensity profile enhances heat transfer compared to 'no

jet' (Case 3). Further downstream (X/SL>0,25) there is not much effect of the jets on the

heat transfer distributions. This may be because the jet effect decays in the transition and

fully turbulent regions. On the pressure side of the blade the Nusselt number shows an

increase in the region near the leading edge (X/PL<-0.1), but further downstream the

effect is negligible. This may be due to the strong pressure gradient diminishing the jet

effect. The magnitude of the jet effect on heat transfer is higher on the suction surface

compared to the pressure surface.
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Figure 31(c) comparesCases7 through 11 for Re=7.6xl05for (7) clear wind

tunnel,(8) wakeonly, (9) grid andwake,(10)grid, wakeandjet Mr=0.25,and (11)grid,

wakeandjet Mr=0.5. For this Reynoldsnumber,transitionon thesuctionsurfaceoccurs

at X/SL=0.5 for Case7 andat X/SL=0.25 for highermainstreamturbulencecases.The

trend for the effectof coolantejectionon heattransferfor Re=7.6xl05is similar to that

for Re=5.3xl05. Thejet effecton the suctionsideheattransferbeforetransitioncanbe

up to 25 percent,as comparedto the casewithout jet injection. Again, the jet effect

diminishesin transitionandfully turbulentregions. As explainedearlier,heattransferon

the transitionandfully turbulentregionsis alreadyhigh,and addingjets to theunsteady

wake doesnot seemto causeany furthereffect. Therefore,the jet effect (Cases10and

11) on suction side heat transfer is limited to the regionbeforethe transition location

comparedwith thecasewithoutjet injection (Case9). Also, thejet effectOnthepressure

surfaceheattransferfor Re=7.6xl05is significantandcanbeup to 15percent,compared

with thecasewithout jet injection(Case9).

Figure32(a)to 32(c) showsthedetaileddistributionsof the localNusseltnumber

for Re=5.3xl05. The detailed contour distributions are presentedfor three flow

conditionsof (a) 'No grid, no wake andno jet', Case1; (b) combined'grid andwake',

Case3; and (ci combined 'grid, wake andjet', Case5. For the 'no grid, no wake'

condition( Tu=0.7percent)in theregionwhereX/SL<0.6,thereis nospanwisevariation

in the Nusselt number distribution. In transition region (0.6>X/SL>0.8) the Nusselt

numberin thespanwisedirectionshowssignificantvariations. In fully turbulentregions

(X/SL>0.8), the Nusselt number is higher, with some spanwisevariation. On the

pressuresurfacethereis a very small spanwiseandstreamwisevariationon the pressure
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surface. For thecombined'grid andwake', Case3, and the combined'grid, wake and

jet', Case5, the Nusseltnumberson thebladesurfacesaresignificantly enhanced.The

addition of unsteadywake and an elevatedfree-streamturbulencereducesspanwise

variationson thebladesurfaceandpromotesearliertransitionon the suctionsideof the

blade.

Figure33(a)and33(c)presentsdetailedNusseltnumberdistributionson theblade

surfacefor a Re=7.6xl05. Thedetailedcontourdistributionsarepresentedfor threeflow

conditionsof (a) 'no grid, no wake andno jet', Case7; (b) combined'grid and wake',

Case9; and(c) combined'grid, wakeandjet', Case11. Resultsshowthat theNusselt

numbersin generalarehigherthanfor Re=5.3xl05on theentirebladesurface. Thereis

lessspanwisevariationand earliertransitionfor unsteadywake and higher mainstream

turbulencecasescomparedwith thelow mainstreamturbulencecase.
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4.4 Effect of Unsteady Wake with Trailing Edge Coolant Ejection on

Film Cooling Performance for A Film-Cooled Gas Turbine Blade

Table 4 Test Conditions

Case No. Tu S Mt M Tu

1

2

3

4

5

6

7

8

0.7% No Wake 0.0 No holes 0.7%

0.7% No Wake 0.0 0.8 0.7%

0.7% 0.1 0.0 0.8 10.4%

0.7% 0.1 0.5 0.8 10.0%

5.0% 0. I 0.0 No holes 13.7%

5.0% 0.1 0.5 No holes 13.0%

5.0% 0.1 0.0 0.8 13.7%

5.0% 0.1 0.5 0.8 13.0%

Tests were performed at the chord Reynolds number of 7.6 × 105 at the cascade exit.

The corresponding velocity at the cascade exit is 75 m/s. Unsteady wake strength is

defined by wake Strouhal number (S) - 2rd_dn/(60Vl). It can be achieved by the

combination of the number of rods (n), diameter of rod (d), and wake rod rotation speed

(N). Table 4 presents the test cases for which heat transfer measurements were obtained

for this study. Case 1 is for a no wake case and no-film holes blade. Case 2 is for a film

cooled blade with cooling blowing ratio (M) of 0.8 with no wake effect. Case 3 is for a

cooled blade under the effect of wake Strouhal number S=0.1. Case 4 is for the cooled

blade under the effect of unsteady wakes and trailing edge ejection with jet blowing ratio

(Mr) of 0.5. Case 5 is for an uncooled blade with grid generated turbulence and unsteady

wake. Case 6 is for an uncooled blade with grid generated turbulence and unsteady wake

with trailing edge ejection (M_--0.5). Case 7 is for a cooled blade under the effects of grid

generated turbulence and unsteady wake. Case 8 is for the cooled blade under the effects
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of grid generatedturbulenceand unsteady wake with trailing edge ejection. The grid

generated turbulence (Tu) and the time-mean averaged turbulence intensities (igu) for

each case are shown in the table. The parameters are chosen in this study to simulate

typical of engine conditions. The cascade exit mainstream Reynolds number of 7.6 x 10 5

represented the non-dimensional engine flow conditions. An unsteady wake Strouhal

number of S=0. I simulates the blade rotation frequency and velocity defect effects. As

indicated earlier, the combustor generated free-stream turbulence levels downstream of

the nozzle guide vanes are of the order of 5-6% which is generated using an upstream

grid. The trailing edge ejection jet blowing ratio (Mt) of 0.5 and film cooling blowing

ratio (M) on the blade of 0.8 are in the range of typical coolant flow conditions.

,, Free-stream Flow Measurements

Figure 34(a) presents the local-to-exit velocity ratio (VN2) distribution around the

blade. A pressure tap instrumented blade was used to measure the surface static

pressure distributions which was then converted to local mainstream isentropic

velocity distribution around the blade (Ou et al., 1994). Figures 34(b) and 34(c)

present the instantaneous velocity profiles for cases 7 and 8. Case 7 is for a free-

stream with grid generated turbulence (Tu=5.0%) and unsteady wake (S=0.1) and

case 8 is for a free-stream with grid generated turbulence (Tu=5.0%) and unsteady

wake (S=0.1) with trailing edge ejection (M_---0.5). Comparing both figures, it is

evident, that in Fig. 34(b), the velocity deficit is clearly seen with the passing of the

unsteady wake and this deficit appears slightly reduced in Fig. 34(c). This indicates
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that the trailing edgejets enhancethe meanvalue of mainstreamvelocity. Figure

34(d) presents the ensemble-averaged velocity (_7) and turbulence intensity (Tu)

profiles at the cascade inlet for the same cases as in Figures 34(b) and 34(c). The

turbulence intensity profile for the trailing edge ejection case is more uniformly

disturbed in the time period. Based on these measurements, it is evident that the

addition of trailing edge ejection to unsteady wake profile produces increased

mainstream velocity and slightly reduced but more uniformly disturbed turbulence

intensity profile.

• Film Cooling

For all film cooled cases, air was used as coolant to simulate coolant-to-

mainstream density ratio of DR=I.0 at a blowing ratio of 0.8. Air was used for

trailing edge ejection (Mr = 0.5).

Nusselt Number Distributions

Figures 35 and 37(a) present the detailed and spanwise averaged Nusselt number

distributions on the blade suction and pressure surfaces for cases 1-4, respectively.

All cases are with no grid-generated turbulence intensity of Tu=0.7%. The figure

compares the no-wake, no-film holes blade (case 1) to no-wake film cooled blade

with M=0.8 (case 2); film cooled blade with M=0.8 and wake S---0.1 (case 3); and
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film cooledbladewith M=0.8, wakeS=0.1,andtrailing edgeejectionM_--0.5(case

4).

E_ffect on Suction Surface The no-film holes surface Nusselt number (case 1)

levels drop significantly from the leading edge with increasing streamwise distance

on the suction surface. Nusselt numbers are lowest around X/SL=0.5 after which the

Nusselt numbers increase again. This is due to boundary layer transition to

turbulence. Nusselt numbers are higher towarc_s the trailing edge as the transition is

not completed. For a film cooled blade (case 2) with no wake, Nusselt numbers are

high due to film cooling jets immediately downstream of leading edge holes. Further

downstream of LE row injection, Nusselt numbers decrease rapidly and the injection

effect is dissipated upstream of the first film hole row on the suction surface (S 1).

Downstream of the hole row S 1, jet streaks of higher Nusselt numbers are obtained

along the holes. The streaks extend all the way up to the next film hole row $2.

However, the jets do not cause Nusselt number enhancement between the holes for

row S 1 due to lack of spanwise mixing between the jets. Downstream of film hole

row $2, the Nusselt numbers are significantly higher than for case 1. Film injection

from row $2 causes boundary layer instabilities which promote earlier laminar to

turbulent boundary layer transition. This also produces higher heat transfer coefficient

downstream of injection. Nusselt numbers decrease after transition with growth of the

turbulent boundary layer and dissipation of coolant jet effect. Further addition of

unsteady wake to the film cooled blade (case 3) shows small effect on the blade

surface Nusselt numbers compared to case 2. Nusselt number distributions appear to
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besimilar to case2 exceptin theregiondownstreamof holerow $2. It appearsthat

theadditionaleffectof unsteadywakesis smalldueto thereasonthat surfaceNusselt

numbersarealreadysignificantlyenhancedby film injection.Addition of trailing

edgeejectionto theunsteadywake (case4) on thefilm cooledbladedoesnotaffect

theNusseltnumberdistributions.

Effect on Pressure Surface For case 1, the Nusselt numbers drop rapidly till

X/PL=O.15 and then increase a little bit over the entire surface. For case 2, film

injection has a very small effect immediately downstream of leading edge row

injection. However, Nusselt numbers are enhanced between the leading edge row

andfirst row P1 over case 1. Downstream of rows P1 and P2, film injection enhances

Nusselt numbers slightly over case 1. The effect of film injection on the pressure

surface is not as significant as on the suction surface. Since the boundary layer on the

pressure surface is thicker than on the suction surface, the effect on Nusselt numbers

due to film injection is less. Jet streaks are also not evident on the pressure surface.

Addition of unsteady wake (case 3) causes slight increases over case 2 in the region

between LE holes and hole row P1. Further addition of trailing edge ejection to case 3

(case 4) causes only slight increases in Nusselt numbers on the pressure surface in the

region downstream of hole row P1.

Nusselt numbers with film injection are significantly enhanced due to the

boundary layer disturbance cause by film injection. Earlier studies on film cooling

have shown that film injection can create local turbulence intensities as high as 15-

20% depending on blowing ratio. With such high local turbulence, heat transfer
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coefficientsdownstreamof injectionaresignificantlyenhancedasseenin the figure.

This maycausesignificantly reducedeffectsof otherfactorssuchasunsteadywakes

and trailing edgeejectionon film cooledblades.The spanwise-averagedresultsin

Figure37(a)presentthesametrendsasdiscussedabove.

Figure 36 and 37(b) presentsthe detailed and span-averagedNusselt number

distribution for cases5-8. All the casesare for a grid generatedturbulenceof

Tu=5.0%.The figure comparesanuncooledbladewith wakeS=0.l(case 5) with an

uncooledbladewith wakeS=0.1andtrailing edgeejection,Mt=0.5 (case6); a film

cooledbladewith wake S=0.1,M=0.8 (case7); and a film cooledbladewith wake

S=0.1,M=0.8, andtrailing edgeejection,M_---0.5(case8).

Effect on Suction Surface The no-film holes surface Nusselt number (case 5)

levels drop significantly from the leading edge to X/SL=0.25 and then increases due

to transition to turbulent boundary layer toward the trailing edge. Comparing to case

1, case 5 has both grid generated turbulence and unsteady wake effects included. The

added influence of both the unsteady wake and grid generated turbulence can cause

transition location to move upstream towards the leading edge. The differences in

cases 5 and 6 are in the region downstream of leading edge on the suction surface.

Nusselt numbers are enhanced up to 20% in the region from leading edge to

X/SL<0.3 on the suction surface. The effect of trailing edge ejection on the uncooled

blade is also strongly evident over the entire pressure surface and in the transition

region on the suction surface. For a film cooled blade (case 7) with wake and grid
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generatedturbulence,Nusselt numbersare significantly enhancedin the region

betweenLE holesandthesuctionsidesecondrow holes$2. Additional effectof film

injection is to causelocal instabilitiesin the boundarylayer andcausinghigherheat

transferregion immediatelydownstreamof hole rows. Furtherdownstreamof hole

row $2, the Nusseltnumbersareonly slight enhancedcomparedto case6. Further

addition of trailing edgeejectionto case7 (case8) causesvery smallchangesin the

detailedheattransfercoefficientdistributions.The trailing edgeejectioneffect is not

as significant as the other effects of film injection, unsteadywakes, and grid

generatedturbulence,in thatorder.

Effect on Pressure Surface For case 5, the Nusselt numbers drop rapidly till

X/PL---0.15 and then increase a little bit over the entire surface. For case 6, Nusselt

numbers are enhanced from leading edge to X/PL<0.1 on the pressure surface

compared to case 5. For case 7, the effect of film injection on the pressure surface is

more in the region immediately downstream of injection holes. Further addition of

trailing edge ejection to case 7 (case 8) causes slight decreases in Nusselt numbers on

the pressure surface just downstream of LE hole rows.

The trailing edge ejection jets for a low Tu--0.7% may be attached to the

unsteady wake generated by the rods. However, with grid generated turbulence, the

trailing jets may not be uniformly impinging on the LE region. This may cause slight

changes in the heat transfer distributions as compared to the no-grid case. The grid

turbulence effect seems to be stronger on the pressure surface. Overall effect of

trailing edge ejection imposed on a free-stream disturbed by unsteady wakes and grid

generated turbulence on the film-cooled blade heat transfer is slightly incremental.
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Film Effectiveness Distributions

Figures 38 and 40(a) present the detailed and spanwise-averaged film

effectiveness distributions for cases 2, 3 and 4, respectively. The figure compares the

no-wake film cooled blade with M=0.8 (case 2) to film cooled blade with M=0.8 and

wake S=0.1 (case 3); and film cooled blade with M=0.8, wake S=0.1, and trailing

edge ejection Mr=0.5 (case 4).

E[fect on Suction Surface For case 2, film effectiveness immediately

downstream of leading edge holes is as high as 0.5 but drops rapidly. The coolant

protection dissipates rapidly in this high curvature region. Effectiveness is high along

the holes for row S 1. The film streaks are clearly evident along the injection holes.

The film streaks extend up to the next hole row $2. However, the film effectiveness

between the holes is lower due to lack of spanwise mixing of jets. Effectiveness

downstream of injection from row $2 shows shorter streaks with the jets coalescing

downstream. The high curvature of the blade and the boundary layer transition to

turbulence in this region (Figure 35) may be the reason for spanwise mixing of jets.

With addition of unsteady wake to the mainstream flow (case 3), effectiveness is

significantly reduced. The effectiveness downstream of the LE rows is lower as

coolant jets dissipate rapidly. The oncoming free-stream disturbed by passing wakes

breaks down the jets. Also the advancement of the boundary layer transition location

can cause more spanwise mixing of jets speciaiy for the coolant downstream of hole
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row S 1. Also, effectiveness reduces far downstream of the last injection row $2. For

case 4 with trailing edge ejection, effectiveness distributions are similar to that for

case 3. Film effectiveness distribution on the suction surface appears to be slightly

affected by the further addition of trailing edge ejection to a free-stream already

affected by unsteady wakes.

Effect on Pressure Surface For case 2, effectiveness distributions on the pressure

surface do not show strong jet like streaks as on the suction surface. Effectiveness

levels are also not very high downstream of injection holes but decrease rapidly

downstream of hole row P2 and any coolant protection is not evident for distance

X/PL >0.5. Addition of unsteady wake (case 3) reduces effectiveness downstream of

hole row P2. However, upstream of P1, the effectiveness values are similar to case 2.

Addition of trailing edge ejection seems to produce some variations in the

effectiveness distributions (case 4). The effectiveness in the LE region decreases

significantly. However, downstream of the LE hole row, the effectiveness values are

higher for case 4. This may be due to the reason that some of the trailing edge coolant

may be convected downstream into the low velocity region thus providing more

protection.

Figure 39 and 40(b) presents the detailed and span-averaged film effectiveness

distributions for cases 7-8. The figure compares a film cooled blade with wake S--0.1,

M--0.8 (case 7) and a film cooled blade with wake S=0.1, M--0.8, and trailing edge

ejection, Mr=0.5 (case 8).
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Effect on Suction Surface Case 7 is for a turbine blade with film cooling under

the effect of grid turbulence and unsteady wakes. Effectiveness is high immediately

downstream of LE row holes. Effectiveness decreases rapidly to hole row S 1. Weak

jets streaks are observed downstream of hole row S1 due to the unsteady wake

affected free-stream. Downstream of hole row $2, effectiveness is greatly reduced

due to spanwise mixing of jets in the transition and fully turbulent boundary layer

region. With an addition of trailing edge ejection (case 8), effectiveness reduces

downstream of LE and S 1 holes. However, effectiveness levels are not significantly

affected over the rest of the suction surface. Some of the trailing ejection coolant

might penetrate the coolant jets from the LE row holes and disturb the already weak

protection thus reducing the film effectiveness. Further downstream, the effect of the

trailing edge jets might be weaker and hence the lack of reduction in film

effectiveness.

Effect on Pressure Surface For case 7, effectiveness downstream of LE rows is

as high as 0.4 but rapidly decreases downstream. Some high effectiveness is observed

upstream of hole row P2 due to accumulation of coolant in the low velocity region.

For case 8, effectiveness levels are similar but lower than that for case 7. The effect of

trailing edge jets is noticeable on the pressure surface.

On the suction surface, case 8 provides lower effectiveness values downstream of

LE film hole rows. Downstream of hole row S 1, both cases provide similar
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effectivenessvalues.Case8provideslowereffectivenessover theentirepressure

surface.
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4.5 Unsteady Wake Effect on Film Temperature and Effectiveness

Distribution for a Gas Turbine Blade with Only One Row of Film

Holes

Experiments were performed at a cascade exit Reynolds number of 5.3x105. The

corresponding flow velocity at the cascade exit was 50m/s. Air as coolant was tested

at blowing ratios of 0.6, 0.8, and 1.2 for no rod no wake cases (S=0, Tu=0.7%) and

cases with wake (S=0.1, Tu=10.4%).

• Coolant Jet Temperature Field Measurements

Effect of Unsteady Wake Figures 41 and 42 present the result of heated coolant

jet temperature profile development for the cases of M=0.8, with and without wake

effect (S=0.0 and S=0.1, respectively). Temperature profiles are measured at planes

at X/D=I, 5, 10, and 15 along the streamwise direction. Due to the delicacy of cold

wire, we couldn't approach it very close to the blade wall surface (in the Y direction).

The closest measurement location is about 0.5mm away from the surface (Y_>0.5mm,

Y/D_>0.25). Temperature contours dilute as the heated coolant jet moves away from

the eject location due to mixing between heated jet and cold free stream air for both

steady and unsteady flow cases. However, the unsteady cases dilute faster. Higher

mean temperature (0) can be seen at the center of the heated jet trajectory. Both the

strength and the area of this central hotter region are also reduced along the

streamwise direction. There's no significant interference between two adjacent
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coolantjets. Highertemperaturefluctuation(0') canbe foundat themixing regionof

the jet and the free-stream,where the mean temperaturevaries greatly. The

fluctuation intensityis alsograduallyweakenedalongthestreamwisedirection. The

resultsshowthattheunsteadywakeproducesslightly highertemperaturefluctuations

than the steadyflow case. Meanwhile,at the samelocations,the casewith wake

effect has larger areasof temperaturefluctuations than the casewithout. This

indicatesthat the unsteadywakehasexpandedthe mixing regionby bringing more

free-streamairinto it andthusenhancedthediffusionof thejet.

Figure 43 showsthe enlargedcoolantjet temperaturecontoursat X/D=10 for

both steadyand unsteadycasesof a blowing ratio of M---0.8. For the casewith

unsteadywake effect, both the coolant jet meantemperature(0) and temperature

fluctuation (0') contour have beenexpandedto a larger area. The dimensionless

meantemperatureatjet centeris 0.27 for the steadycaseandis reducedto 0.19 for

the unsteadycase.Thecentralhotterregionof thecoolantjet for the casewith wake

effect is smallerthanthatof thecasewithout wakeeffectandit hassomewhatdrifted

away from thebladesurface. Thetemperaturefluctuationlevel is of the samerange

(from 0 tO0.08) for bothcases,but theunsteadycasehasa muchlarger temperature

fluctuation area. All this implies that the unsteadywake enhancesthe mixing

betweenthe heatedcoolant jet and the cold free-stream,and more heatedjet is

diffusedinto thefree-stream.
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Effect o.f Blowing Ratio Figure 44 presents the result of enlarged coolant jet

contours for two different blowing ratios (M=0.8 and M=l.2) at location X/D=10 and

without wake effect (S--0). The dimensionless mean temperature (0) at jet center is

0.27 for the case M=0.8 and is reduced to 0.15 for the case M=l.2. For the case

M=0.8, we observe a fairly large center region of higher mean temperature, and the

jet center is still attached to the blade surface. For the case M=l.2, the central hotter

region is smaller than the case M=0.8 and the coolant jet has lift off the blade surface

and is barely attached to the wall. Only part of the periphery of the jet has touched

the blade wall. This indicates that the higher the blowing ratio, the further the jet

would lift off the blade surface, which reduces the film cooling coverage. The case

M=l.2 has a much larger temperature fluctuation area than the case M=0.8, but the

temperature fluctuation level is decreased due to its lower jet temperature. The

temperature fluctuation range is from 0 to 0.05 for the case M=l.2, and from 0 to

0.08 for the case M=0.8. All this shows that for the higher blowing ratio, there is

more mixing between the heated coolant jet and the cold main stream. The coolant

jet dilutes faster as the jet goes away along the streamwise direction.

• Film Cooling Measurements

Effect of Unsteady Wake on Film Cooling Effectiveness Figure 45 presents the

detailed film cooling effectiveness distributions for air injection at three different

blowing ratios (M--0.6, 0.8, 1.2) with and without unsteady wakes, respectively.

Since there are no film cooling holes at leading edge of the blade, the film streaks
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startwhere the row of film cooling holes (the only row of holes in this study) is

located. From Figure 45, one can see that the film streaksextend along the

streamwisedirectionfairly straightly. Thestreaksaregraduallyweakenedthe further

they extend away from the film cooling holes. The film cooling effectiveness

betweenstreaksis very low dueto thelackof spanwisemixing of jets, which wecan

also clearly observefrom the coolantjet temperaturecontour measurements.For

caseswithout the effect of unsteadywakes, the streaksremain clearly evident

downstreamof the injection holes,exceptfor the very high blowing ratio of 1.2,in

which the jet hasapparentlylift off from the blade surfacebecauseof its high

momentum.With theeffectof unsteadywake,theturbulencelevel in thefree-stream

is higher. The figure showsthat the streaksareevidentlyweakenedbut expanded

further down in the streamwisedirection. Observationof coolant jet temperature

contour tells us that, dueto the effect of unsteadywake, the coolantjet hasmore

mixing with themainstream,which widensthejet streakyet weakensthecoolingjet

muchfasterthanthecaseswithout unsteadywake.

In Figure46, thefilm coolingeffectivenessdistributionalongfilm holecenterline

showsthatcenterlinefilm effectivenessdecreasesalongthestreamwisedirectiondue

to the continuousmixing betweencoolant jet and mainstream. The higher the

blowing ratio, the lower its centerline film effectivenessat the same location.

Among all the cases,the caseM=0.6 and without wake effect has the highest

centerlineeffectiveness.It hasa high valueof 0.33at the location right behindthe

film hole and thendecreasesto and remainsat about0.2 afterwards. Addition of

unsteadywake decreasesthe centerlinefilm effectivenessfor the sameblowing
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ratios. Comparedto thecaseM=0.8, unsteadywakehasa greatereffecton thecase

of lower (M=0.6) andhigherblowing ratios (M=l.2), especiallyat the region right

behind the film hole, whereboth of the latter two caseshave a sharp drop in

centerlineeffectiveness.

In the spanwise-averagedfilm effectivenessdistributionshownin Figure46, for

blowing ratiosof 0.6 and0.8, film cooling effectivenesswith the effectof unsteady

wake is significantly lower than that without unsteadywake at areasimmediately

downstreamof thefilm coolingholes. However,this trenddoesn'tlast long. Starting

from X/D=5, the spanwise-averagedcooling effectivenesswith wakeeffect is about

the sameasthatwithout wakeeffect. Thepossibleexplanationfor this phenomenon

is that beforeX/D=5, the wakeeffect is mainly manifestedin the reductionof the

spanwise-averagedeffectiveness;after X/D=5, another aspect of wake effect,

expansionof the coolantjet to covermorebladesurfacearea,begins to show its

beneficialpart andthuskeepsthe spanwise-averagedeffectivenessfrom decreasing.

For a blowing ratio of 1.2,the spanwisedcooling effectivenesswith wake effect is

generally only slightly lower than that without wake effect. In this case, the

expandingof the coolantjet won'tmakemuchdifferencebecausethejet haslift off

the bladesurfaceanyway. So the wake effect is mainly the decreaseof the film

coolingeffectiveness.

All this indicatesthat unsteadywake hasa strongeffect on the film cooling

effectivenessdistributions. Without unsteadywake,the film coolingjets protect the

surfacebetter within limited areas.Addition of unsteadywakecausesdisturbances

in themainstreamwhich resultin moremixing betweenthemainstreamandcoolant
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jets. Thisresultsin two effects:on theonehand,thefilm coolantjet hasbeendiluted

and producedsmallercooling effectiveness;on the otherhand,the film coolant jet

hasbeenexpandedalong the spanwisedirection andmore areais coveredby film

cooling, and thus could contribute to the increaseof spanwise-averagedcooling

effectiveness. However, generally, unsteadywake has causedthe film cooling

effectivenessto decrease.

Effe¢L of Unsteady Wake on Nusselt number Figure 47(al) -- (a4) axe for

cases without wake effect and (bI) --(b4) for cases with wake effect. Among them,

(al) and (bl) are for the smooth surface and the other three in each group have

blowing ratios of 0.6, 0.8 and 1.2. Unlike the film effectiveness distribution

measurements, here we have gathered data on the whole suction surface in order to

get information on the film cooling jet's effect on the blade surface heat transfer right

behind the film cooling holes as well as its effect on boundary-layer transition.

For a smooth surface without wakes (case al), the Nusselt numbers drop rapidly

from the leading edge to about X/SL=0.5 on the suction surface and then increase

again due to boundary-layer transition to turbulent flow. For a smooth surface with

wakes (case bl), the Nusselt numbers also decrease along the streamwise direction

but transition occurs much earlier (X/SL=0.25) for this case than for case al. Also,

its spanwise-averaged Nusselt number is higher than that of case al before the

transition begins.

With film cooling, the Nusselt numbers at locations fight behind the film cooling

holes increase significantly and traces of high Nusselt numbers are formed fight
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behind the holes. The higher the blowing ratio, the longer this trace of highly-

increasedNusselt numbers. Due to the film injection, boundary-layertransition

occursslightly earlier in casesa2 to a4 than in caseal. As soon as boundary

transitionbegins,theNusselt numbers increase at about the same rate as in case al,

and they keep increasing much further down the blade before they begin to decrease

again. The same is true for cases with both film cooling and unsteady wake effect, as

we compare the cases b2 to b4 with case bl. However, as we have noticed, no matter

with or without film cooling, the addition of an unsteady wake has caused boundary

transition to occur significantly earlier than the cases without unsteady wake. Also,

for cases with wake effect, the streaks of high Nusselt numbers right after the film

holes are a little shorter compared with cases without wake effect. The reason for

this is that, due to the unsteady wake, the cooling jet is diluted faster along the

streamwise direction than in cases without unsteady wake.

Figure 48 presents the spanwise-averaged Nusselt number distributions for both

steady and unsteady flow with wake effect. The small arrows indicate where the film

injection is. The results for the smooth surface blade with and without wake are in

good agreement with those for the same cases from Ou et aI. (1994), who used the

thin-foil-thermocouple technique to study the heat transfer over a model turbine

blade. The figure shows that, for both cases with and without unsteady wake, the

spanwise-averaged Nusselt number shows a peak increase right downstream of the

jet ejection location. It then decreases along the streamwise direction till it reaches

the boundary-layer transition location, where it begins to increase again to reach its

second peak value. The second peak value is higher than the first one. However, for
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the caseswith wake effect, the spanwise-averagedNusseltnumberdoesn'tdrop as

low asthe caseswithout wakeeffectbeforeit beginsto increaseagaindueto much

earlierboundary-layertransition. In Figure 48 we also observethat, the higher the

blowing ratio, thegreaterbothof its peakvalues. Blowing ratio hasa comparatively

greatereffecton thefirst peakvalue. Higherblowing ratiopushesthetransitionfront

only slightly ahead.The blowing ratioeffect is verysmall comparedto the effectof

unsteadywakeasfar astheboundary-layertransitionis concerned.

It indicatesthat film cooling enhancesthe surfaceheattransferalong the blade

while the unsteadywake causesearlier boundary-layertransition. However, the

results show that both film cooling and wake effect can't affect much on the

maximum spanwise-averagedNusseltnumber(the secondpeak valueat the end of

boundary-layertransition)achievedon thesuctionsurface.
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4.6 Detailed Film Cooling Measurements on A Cylindrical Leading

Edge Model: Effect of Free-Stream Turbulence and Coolant

Density

Tests were conducted in a low speed wind tunnel for a Reynolds number of

100,900 based on cylinder diameter. Air is used as coolant to simulate a coolant-to-

mainstream density ratio (DR) of 1.0 and CO2 is used to simulate a density ratio of

1.5. The coolant-to-mainstream momentum flux ratio (I) is a function of the blowing

ratio and the density ratio, I=M2/DR. The mainstream inlet velocity and density is

used for evaluating the blowing and density ratios. Heat transfer coefficient results

are presented on a smooth surface for three turbulence levels of 1%, 4.1%, and 7.1%.

Film effectiveness and heat transfer coefficient distributions are presented for three

blowing ratios of 0.4, 0.8, and 1.2 and two coolant density ratios of 1.0 (air) and 1.5

(CO2) at a low free-stream turbulence intensity of 1%. Film effectiveness and heat

transfer coefficient distributions are also presented at M=0.4 and 1.2 for both coolants

at Tu=4.1% and 7.1%.

The coolant-to-mainstream density ratio for the heat transfer coefficient and film

effectiveness tests are almost equal. The heat transfer coefficient test is run with both

mainstream and coolant at room temperature whereas in the film effectiveness test,

the coolant is slight hotter (Tc-T®~6°C) than the mainstream. Such a small difference

in temperatures does not produce significant variation in the density ratios between

the two tests.
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Velocity and turbulencemeasurementswere measuredalong the wind tunnel.

Incident mainstreamvelocity (U®)wasobtainedto be 2I m/s at X/D=9.5 from the

grid location. Figure 49 presentsthe centerline streamwiseturbulence intensity

distributionsfor thethreeturbulencelevels.As thedistancefrom thenozzleincreases,

the streamwiseturbulencedecaysandreachesa low just upstreamof the cylinder.

This low value is definedas the oncomingfree-streamturbulenceintensity and is

obtained to be 1% for no grid case,4.1% for grid 1, and 7.1% for grid 2.

Correspondingstreamwisedissipation length scales at the same location were

estimatedto beabout1.3cmfor grid 1and 1.5cm for grid 2.

• Smooth Surface Heat Transfer

Heat transfer coefficients were measured on a smooth surface with no film holes

under the three free-stream turbulence levels. Local Nusselt numbers are normalized

by the mainstream Reynolds number and presented as Nu/Re m. The viscosity and

conductivity used to evaluate the Nu/Re u2 values are based on the oncoming

mainstream inlet flow. Figure 50(a) presents the span-averaged Nu/Re °'5 distributions

under free-stream turbulence effects. Results are presented on one side of the front

half of the cylinder from geometric stagnation (0 °) to about 70 ° downstream from the

stagnation point. The Nu/Re °'5 values over the entire measurement region increases

with an increase in free-stream turbulence. Stagnation point heat transfer is enhanced

up to 50% for Tu=7.1% over low turbulence level of Tu-l%. The enhancement for

Tu--4.1% is about 30%. The Nu/Re °5 values decreases with increase in angle from
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stagnation. The Frtissling theoretical solution for zero-turbulence is also shown for

comparison. Results from Mehendale et al. (1991) are also presented for comparison.

Turbulence levels used in the study by Mehendale et al. (1991) were 0.75%, 5.07%,

and 9.67%. Their results agree well with the present results closer to the leading edge.

However, farther from the leading edge, the present results are lower than that from

Mehendale et al. (1991).

Figure 50(b) compares the stagnation point heat transfer results from the present

study with established correlations by Smith "and Keuthe (1966), Kestin and Wood

(1971) and Lowery and Vachon (1975). The present data agree most closely with the

Kestin and Wood correlation. Comparison with other two correlations is not good at

TuRe I/2 values over 20. All the three correlations are close to each other at low

TuRe u2 values. In the present study, the Reynolds number is constant and the free-

stream turbulence is varied to obtain different TuRe u2 values.

• Film Cooling

Figure 51 presents the detailed Nu/Re °'5 distributions for the three blowing ratios

for both coolants at Tu=l%. For both coolants, an increase in blowing ratio produces

higher Nu/Re °'5 values. For low blowing ratio of 0.4, the Nu/Re °5 values are higher

near the top edge of the film holes. As blowing ratio increase, the Nu/Re °5 values are

higher downstream of the entire hole. The coolant has limited interaction with the

mainstream for low blowing ratios. However, as blowing ratio increase, the

interaction with mainstream increases producing more turbulent mixing thus
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enhancingdownstreamheattransfercoefficients.The Nu/Re°5 distributionsfor the

sameblowing ratio for both coolantsappearsimilar. However, the higher density

coolantproducesslightly lower Nu/Re°5 valuesdue to lower momentumflux ratio

(D.

Figure 52 presents the detailed film effectiveness distributions at the three

blowing ratios for both coolants at Tu=l%. Effectiveness in the axial direction along

the hole decreases with an increase in blowing ratio. However, effectiveness appears

to be highest for M---0.8 with CO2 injection. It is clearly evident that the coolant

streaks show more angle away from the mainstream as blowing ratio increases. At

higher blowing ratios, coolant jets have a higher momentum into the mainstream

which may cause the angled coolant streaks. Higher density coolant (CO2) provides

higher effectiveness near the hole at a blowing ratio of M=0.8 compared to lower

density coolant (air). However, at M=0.4, air provides better effectiveness. Air as

coolant possesses higher momentum than CO2 at the same blowing ratio. At low

blowing ratio, air has optimum momentum to provide higher effectiveness on the

surface. The coolant density effect appears to be reduced at higher blowing ratios of

M=l.2. At higher blowing ratios, coolant jets shoot into the mainstream and disturb

the thin boundary layer without providing enough protection.

Figure 53 presents the span-averaged Nu/Re °5 distributions for both coolants at

all three blowing ratios. The momentum flux ratios (I) for each coolant at different

blowing ratios are presented in the figure. Span-averaged results are presented from

the upstream edge of film hole location (10 °) to about 70 ° from leading edge

stagnation point. The Nu/Re °'5 values are high at the hole location and decrease
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downstreamfor all blowingratiosandbothcoolants.Fardownstream(70°), theeffect

of film injection is reducedandNu/Re°5 valuesarecloserto a valueof 1.0.The no-

grid turbulencecasefor smoothsurfaceis alsopresentedfor comparison.An increase

in blowing ratio producesan increasein Nu/Re°5 values for both coolants. An

increase in coolant density produces lower Nu/Re °'5 values for same blowing ratio.

CO2 as coolant has lower momentum flux ratio compared to air at the same blowing

ratio. The coolant-to-mainstream momentum flux ratio is also an important parameter

in film cooling situations. Higher density coolant is heavier than the oncoming

mainstream fluid. This reduces coolant jet to mainstream interaction, thus reducing

turbulent mixing, which in turn produces lower heat transfer coefficients compared to

a coolant which has same density as mainstream. Figure 53 also presents the span-

averaged film effectiveness distributions for all three blowing ratios and both

coolants. Results are presented from upstream edge of film hole location.

Effectiveness value decrease slightly with increase in distance from hole location. An

increase in blowing ratio produces lower film effectiveness for air injection.

However, the effect of blowing ratio for an increase from M--0.8 to M=l.2 does not

produce much variation for _ values with air as coolant. It should be noted that the

detailed film effectiveness distributions at the two blowing ratios are different. CO2 as

coolant provides highest effectiveness at M=0.8. Film effectiveness with CO2 as

coolant is lower than for air as coolant at blowing ratios of 0.4. However, at higher

blowing ratios (M=l.2), the effect of coolant density disappears. Both air and CO2

produces similar r ! values for M=1.2.
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• Effect of Free-Stream Turbulence

The effect of free-stream turbulence is also an important parameter that effects

airfoil leading edge film effectiveness and heat transfer coefficients. Figure 54

presents the detailed Nu/Re °5 distributions for air injection at blowing ratios of 0.4

and 1.2 under increased free-stream turbulence. Two higher levels of turbulence at

4.1% and 7.1% are presented for both blowing ratios. Free-stream turbulence does not

appear to significantly affect the Nu/Re °'5 distributions downstream of injection.

Free-stream turbulence intensity may be lower than the large-scale turbulence

generated immediately downstream of film holes by coolant-mainstream mixing. This

may be the reason for the small effect of free-stream turbulence on heat transfer

coefficients.

Figure 55 presents the detailed Nu/Re °5 distributions for CO2 injection at blowing

ratios of 0.4 and 1.2 under increased free-stream turbulence. Two higher levels of

turbulence at 4.1% and 7.1% are presented for both blowing ratios. Free-stream

turbulence does not seem to significantly alter the Nu/Re °'5 distributions for both

blowing ratios as in the case for air injection. However, an increase in free-stream

turbulence appears to reduce the spanwise variations downstream compared to the no-

grid case (Tu=1%) for both blowing ratios. Higher free-stream turbulence enhances

coolant-mainstream mixing which may be the reason for reduced spanwise variations

of Nusselt numbers.

Figure 56 presents the span-averaged Nu/Re °'5 distributions for both air and CO2

injection under the effects of increase free-stream turbulence. It can be seen that free-
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stream turbulence has little effect for most of the surface for both coolants at both

blowing ratios. However, in the region immediately (1 hole diameter) downstream of

the holes, the free-stream turbulence causes significant variations of span-averaged

Nusselt number values.

Figure 57 presents detailed film effectiveness distributions for air injection at

blowing ratios of 0.4 and 1.2 under increased free-stream turbulence. Free-stream

turbulence reduces film effectiveness significantly for M=0.4 (I=0.16). Higher free-

stream turbulence breaks down low momentum coolant jets (I=0.16) and decreases

surface protection. The reduction in the film effectiveness is clearly evident in the

detailed distributions. At higher blowing ratio of 1.2 (I=1.44), the effect of free-

stream turbulence is not so significant. However, the effectiveness is slightly reduced

immediately downstream of injection. There is more uniform effectiveness over the

entire surface at higher free-stream turbulence. The stronger momentum jets at M=l.2

(I=1.44) are not affected significantly by free-stream turbulence as in the case for

M=0.4.

Figure 58 presents the detailed film effectiveness distributions for CO2 injection

at blowing ratios of 0.4 and 1.2 under increased free-stream turbulence. Free-stream

turbulence reduces film effectiveness significantly for M=0.4 from Tu=l% to

Tu=7.1%. Higher free-stream turbulence breaks down coolant jet structure (I=0.107)

at low blowing ratio. At higher blowing ratio of 1.2 (I=0.96), the effect of free-stream

turbulence is not so significant with more uniform effectiveness over the entire

surface at higher free-stream turbulence. Effectiveness downstream of the hole is

reduced with an increase in free-stream turbulence.
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Figure 59 presentsthe span-averagedfilm effectivenessdistributionsfor both air

and CO2injection under the effectsof increasefree-streamturbulence.For a low

blowing ratio of 0.4, the film effectivenessvaluedrop significantly with an increase

in free-streamturbulencefor air andCO2injection.The free-streamturbulenceeffect

is not so significantat M=I.2 for both coolants.There is a slight reduction in the

region immediatelydownstreamof the holes.But the effectiveness values are not

affected by an increase in free-stream turbulence at such high blowing ratios.

Local Nusselt numbers (Nu) with film injection are normalized by local Nusselt

numbers (Nu0) without film injection. The local Nusselt number ratios (Nu/Nu0) are

regionally averaged to produce a single spatially averaged Nusselt number ratio for

each blowing ratio for each coolant at each free-stream turbulence. The spatial

averaging is done for the spanwise length encompassing four-hole spacing as shown

in the detailed distributions and for the axial distance from 20 ° to 70" (downstream of

injection hole) from leading edge. Similarly, the local film effectiveness values are

averaged over the same region to produce a single spatially averaged film

effectiveness. The spatially averaged Nusselt number ratios and film effectiveness

values are plotted against the momentum flux ratios in Figure 60. The open symbols

represent I values with air injection and closed symbols represent I values with CO2

injection. The Nusselt number with film injection are normalized by Nusselt number

without film injection at the same free-stream turbulence intensity. The Nusselt

number ratios show a continuing increase with an increase in momentum flux ratio.

With increasing I, there is more coolant-to-mainstream interaction causing higher

heat transfer coefficients downstream of injection. This may be the reason for the
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increasein Nusseltnumberratio with increasingI. With an increasein free-stream

turbulence,Nusseltnumberratio at thesameI valuedecreases.As indicatedearlier,

Nusseltnumberdownstreamof injection (Nu) arenot affectedby increasesin free-

streamturbulenceintensity.However,Nusseltnumberswithout film injection (Nu0)

increasewith an increasein free-streamturbulenceintensity.This is the reasonfor

lower Nusselt number ratios for higher free-streamturbulence intensity. Film

effectivenessvaluesat low turbulence(1.0%)increasefrom I=0.1 to a peakat 1=0.16

andthendecreaseto I=0.96andaremaintainedat aboutsamelevel atI=1.44.With an

increasein free-streamturbulenceintensity, film effectivenessat low I decrease

significantly.At low I, film effectivenessis very low atTu=7.1%.At high I (I>0.96),

free-streamturbulencehaslittle effecton film effectiveness.Thehigh momentumjets

arenot easilybrokendownby higher free-streamturbulenceasin the casefor low

momentumjets. Theresultsobtainedfrom this studyusingtwo different coolantsat

sameblowing ratioscorrelatewell with thedependentparameterI. From theresults,

it canbe interpretedthat momentumflux ratio canbe useda parameterto correlate

theeffectsof coolantdensityandcoolantblowing ratio.
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4.7 Film Temperature Measurements on A Cylindrical Leading Edge

Film Cooling Model

Tests were conducted in a low speed wind tunnel for a Reynolds number of

100,900 based on a cylinder diameter. Film effectiveness and the temperature field

measurement results are presented for two blowing ratios (M) of 0.4 and 1.2 and two

turbulence intensities (Tu) of 1% and 7.1%.

Figures 61-64 present the results of film temperature field measurements. Figures

61 and 62 represent the case of a small blowing ratio, M=0.4. Low turbulence level

results are presented in Figure 61. The results at 20 ° and 30 ° show the clear shape of

the injected jet. Maximum temperature can be obtained at the center of a jet

trajectory. Very high temperature fluctuation can be found at the mixing region of

the jet and free-stream where the mean temperature varies greatly. The results at 50 °

and 70 ° show a very small region of high temperature. According to Figure 54(a), the

film effectiveness is still high at 50 ° and 70 ° along with jet trace. These results imply

that the jet approaches very close to the wall as it progresses downstream due to the

curvature and pressure gradient effect. The jet trajectories taken from Figure 54

appear to be different from that of Figures 61 and 62. It seems that the bottom part of

the jet is in the relatively low momentum part of the boundary layer, and thus the

amount of deflection is different for the top and bottom parts of the jet. The cold-

wire probe cannot approach the cylinder wall close enough to reveal very thin jet at

these angles. The nearest measurement point is 0.5mm from the cylinder surface.

High free-stream turbulence results are shown in Figure 62. Since high free-stream
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turbulenceenhancesthe diffusion of a jet, the jet is mixed with free-streamand

spreadout muchmorewhen comparedwith how free-streamturbulence. Thus the

maximumtemperatureof a jet is slightly lower thanthe low free-streamturbulence

for thenearholeregionsuchastheangleof 20° and30". As shownin Figure 54(a),

free-streamturbulencereducesthe film effectivenesssignificantly. At 50° and 70°

angle, there remains little of the jet and both the mean temperatureand the

temperaturefluctuationsarevery small. It implies thatmostof thejet is diffused and

provideslittle effectivenessthere. For a small blowing ratio, the jet momentumis

small and it follows the main streamimmediatelyafter injection regardlessof the

turbulenceintensity,thusthe spanwisedisplacementof a jet is very smallandis also

clearlyseenin Figure54(a).

The resultsof a high blowing ratio aredepictedin Figures63-64. As previously

presented,low turbulenceis shownin Figure 63 and high turbulencein Figure 64.

From the figure, a kidney shapedvortex just downstreamof the injection can be

clearly seen. The effect of curvatureand pressuregradientmakesthe coolant jet

deflect closerto downstreamand accelerate.Thejet deflection in the direction of

injection for the leading edge is much larger than that for the flat plate when

comparingtheresultswith Ekkadet al. (1997a). Thusthedevelopmentof secondary

motion in the deflectingjet is increasedand results in the formation of a kidney

shapedvortex. This kind of formation doesnot occur in lateral injection flat plate

film cooling (Han et al., 1997).

dominatingvortex canbe found.

In the study of Hart et al. (1997), only one

The kidney vortex formation resultsin low film

cooling effectivenessalongthecenterlineof thejet passageandhigh effectivenessat
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theedgeregionof jet passageascanbe foundin Figure 54(b). For low free-stream

turbulence,bothsidesof thevortexcontactthe surfaceandprovidehigh film cooling

effectivenessalongtheedgeof thejet passagenearthecoolingholeregionascanbe

found in Figure54(b). Temperaturedistributioncannotshowthis clearlybecausethe

probecannotmeasurecloselyenoughto revealthis nearwall jet behavior. For high

free-streamturbulence,thejet alsoforms akidneyshapedvortexbut only onesideof

the jet touchesthe surfaceandshow the high film cooling effectivenessas canbe

seenin Figure 54(b). The temperaturedistributionsarenot greatly affectedby the

turbulenceintensity. As the jet proceedsdownstream,it approachesthe wall and

providesbetter film coverageover the downstreamregion comparedto the low

blowing ratio. AT the downstreamregion,such as 50° and 70° angle, the mean

temperaturedistribution andtemperaturefluctuationis affectedlittle by a free-stream

turbulence. Due to the large momentumof the jet, the jet trajectoriesare more

deflectedwhencomparedto theresultsof a small blowing ratio. As canbe seenin

Figure 54, the deflection is reducedby a high free-streamturbulence. Turbulent

mixing transfers the momentumof a jet into a free-streamand the deflection is

reduced.
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5.0 CONCLUSIONS

5.1 Conclusions on gas turbine blade models

1. Detailed Nusselt number and film effectiveness distributions using a transient

liquid crystal technique were obtained on the entire turbine blade mid-span

region. The strong spanwise and axial variations due to film injection are clearly

evident in the detailed distributions that provide valuable insight into the film

cooling process.

2. It is important to note that unsteady wake, trailing edge coolant jets, free-stream

turbulence, coolant density and flow Reynolds numbers are all important

parameters affecting the blade surface heat transfer coefficient and film cooling

effectiveness.

3. Nusselt numbers are significantly enhanced for a film cooled blade compared to a

non-film cooled blade. Film injection also causes earlier boundary layer

transition on the suction surface.

4. Higher fiIm effectiveness streaks are observed downstream of injection holes on

the suction surface. However, the streaks are not evident on the pressure surface.

5. Nusselt numbers increase with an increase in blowing ratio, particularly in the

region immediately downstream of holes. Film effectiveness significantly

increases with an increase in blowing ratio for CO2 injection.

6. An increase in coolant density has little effect except in the regions immediately

downstream of injection where CO2 injection provides higher Nusselt numbers
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than air injection. CO2 injection provides highest effectiveness at M=1.2

compared to air injection. Air injection provides higher effectiveness at M=0.8

compared to CO2 as coolant.

7. Unsteady wake promotes mainstream turbulence and thus enhances the heat

transfer coefficient on blade surface. However, unsteady wake significantly

reduces film effectiveness. Unsteady wake also induces earlier boundary layer

transition to turbulence on the suction surface and reduces spanwise variations of

the heat transfer coefficients over the entire blade surface.

8. For the blade model with ordy one row of cooling holes near the gill hole region

on the suction surface, unsteady wake plays a dominate role in determining the

boundary -layer transition location. Single-row of film injection does not affect

much on the location of boundary-layer transition.

A grid-generated turbulence imposed on an unsteady wake further enhances the

heat transfer coefficient on the blade surface and also promotes early transition on

the blade suction surface.

10. The trailing edge jets compensate the defect of the velocity profile caused by the

rod passing, and hence velocity is slightly increased for the mainstream flow

while the turbulence intensity profile is more uniformiy disturbed. The net effect

of trailing edge jets is to increase both the pressure surface heat transfer near

blade leading edge region and the suction surface heat transfer before boundary

layer flow transition. The net effect diminishes in transition and fully turbulent

regions on suction surface or far away from the blade leading edge on pressure

surface.

o
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11.For a film cooledblade, trailing edgeejectionhasonly a small effect on blade

surfaceheattransfercoefficientscomparedto othersignificantparameterssuchas

film injection,unsteadywakes,andgrid generatedturbulence,respectivelyin that

order of decreasingeffect. Film effectivenessdecreaseswith the addition of

trailing edgeejection in the leadingedgeregion on both pressureand suction

surfaces.However,theeffectdecreasesfurtherdownstream.

12.The developmentof coolantjet mean temperatureand its fluctuation profiles

providesbetter understandingof the film cooling processand can be used to

explainthefilm coolingperformance.

5.2 Conclusions on cylindrical leading edge models

1. On a cylindrical leading edge model without film cooling hole, heat transfer

coefficient is enhanced up to 30% for Tu--4.1% and up to 50% for Tu=7.1% over

a Tu=1%.

2. On a cylindrical leading edge model with film cooling, high free-stream

turbulence enhances the diffusion of a jet into a free stream. For a small blowing

ratio, free-stream turbulence largely affects film cooling effectiveness. Free

stream turbulence significantly reduces film effectiveness.

3. Increase in blowing ratio increases Nusselt numbers downstream of injection.

Effectiveness for air injection is higher at low blowing ratio M=0.4 and decreases

with an increase in blowing ratio. Effectiveness for CO2 injection is highest at
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M=0.8. Higherheattransfercoefficientregiondoesnot necessarilycorrespondto

high film effectivenessasseenin thedetaileddistributions.

4. Increasein coolant densitycausesa decreasein heattransfercoefficients at all

blowing ratios. Air providesbettereffectivenessat low blowing ratios. Higher

density coolant (CO2) provides highest effectiveness at M=0.8. However, at even

higher blowing ratios, an increase in coolant density has little effect on film

effectiveness distributions.

5. Higher free-stream turbulence has only a small effect on Nusselt numbers at all

blowing ratios for both coolants. However, higher free-stream turbulence reduces

film effectiveness significantly at M=0.4 for both coolants but has little effect on

film effectiveness for M=l.2.

6. Overall averaged Nusselt number ratios for film injection show a continual

increase with increase in coolant-to-mainstream momentum flux ratio. However,

overall averaged film effectiveness varies with different momentum flux ratios.

Momentum flux ratio may be used to correlate the results obtained for different

coolant densities and coolant blowing ratios.
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7.0 Appendix

7.1 Figures 1-64
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Fig. 1 Experiment setup 1" schematic of test section and camera

arrangement for film cooling measurement over a gas turbine
blade (without wake effect)
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Fig.3(d) Photo of the unsteady flow test facility
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Fig.3(e) Photo of the test blade
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Fig.4 Experiment setup 3: schematic of test section and camera

arrangement for the heat transfer and film cooling

measurement over a gas turbine blade (with the combined

effect of unsteady wake and trailing edge coolant ejection)
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Fig. 12 Effect of blowing ratio on spanwise-averaged Nusseit number

distributions for CO2 injection (Experiment setup 1)
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Fig. 17 Effect of blowing ratio on detailed film effectiveness
distributions for air injection (Experiment setup 1)
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Fig.22 Effect of unsteady wake on spanwise-averaged Nusselt number
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setup 2)
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Fig.23 Effect of unsteady wake on detailed film cooling effectiveness
distributions for air injection (cases 3-4); M=0.8 (Experiment
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1, (b) C.ase 3, (c) Case 5. (Experiment setup 3, with smooth-
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Fig.33 Detailed Nusselt number distributions for Re=7.6x105: (a) Case

7, (b) Case 9, (c) Case 11. (Experiment setup 3, with smooth-
surface turbine blade)
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(Experiment setup 3, with film-cooled turbine blade)

131



f_

1600

1400

1200

lO00

800

600

400

200

0

-1.0

Case Tu S M, M Tu

I 0.7% -- 0.0 -- 0.7%

2 0.7% -- 0.0 0.8 0.7%

3 0.7% 0.1 0.0 0.8 10.4%

4 0.7% 0.1 !0.5 0.8 10.0%

2
3

1

-0.5 0.0 0.5

X/PL X/SL

1.0
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2-4 (Experiment setup 3, with film-cooled turbine blade)

c-_lTa I s I M, l M _u I I I Re-7 6 x 105 t
0.6 _" 7 I_.o_1o.,Io.o0.8,_.o_1II " -_

0.5

0.4

It="

0.3 7

0.2 7

8

0.1

oo_,'''' '__ '_' _'''''' _t
-1.0 -0.5 0.0 0.5 1.0

X/PL X/SL

Fig.40Co) Spanwise-averaged film effectiveness distributions for cases

7-8 (Experiment setup 3, with film-cooled turbine blade)

135



o il!iilm
0 0.1 0.2

(3.

<1.

o 1 2 3 Y/D
X/D:1 X/D=5 X/O:10 X/D:15

(a) time averaged temperature

0 0.1

0123 Y/D

XID=I Xll:_ 5 XJD=I0 X/D=15

{b) temperature fluctuation

Fig.41 Film temperature field at different locations for the case of
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M=0.8 and with wake effect (S=0.1) (Experiment setup 4)
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blowing ratios, with and without wake effect (Experiment

setup 4)
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Fig.48 Spanwise-averaged Nusselt number distribution for (a)steady
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and CO2 injection (Experiment setup 5)
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7.2 Tabulated Spanwise-Averaged Data

Table 5.

Case No.

A

B

C

D

E

F

G

H

Flow Conditions for Heat Transfer/Film Effectiveness Measurement

S

No Wake 0.0

0.1 0.0

0.1

0.1

0.1

0.1

No Wake

0.I

0.0

Film M Tu

0.70%

Re Tu

5.3x105 0.7%

0.7%

5.0%

5.0%

5.0%

5.0%

7.6x105 0.7%

0.7%

5.0%

5.0%

5.0%

5.3×10 s 0.7%

0.7%

0.7%

0.7%

0.7%

7.6x105 0.7%

5.3x10 s 0.7%

0.7%

0.7%

0.7%

0.7%

7.6x105 0.7%

0.7%

5.0%

5.0%

10.4%

13.7%

0.25 13.4%

0.50 13.0%

1.00

0.0

0.0

I 0.I 0.0

J 0.1 0.25

0.50

0.0 Air

K

0.8

0.1

L No Wake

M

N

12.7%

0.70%

10.4%

13.7%

13.4%

13.0%

0.70%

No Wake 0.0 Air 1.2 0.70%

No Wake 0.0 CO2 0.4 10.4%

0.8 10.4%

1.2 10.4%

O No Wake 0.0 CO2

P No Wake 0.0 CO2

No Wake 0.0 Air 0.8 0.70%

0.1 0.0 Air 0.8 - 1014%

0.00.1

0.1

Air

CO2

CO2

C02

0.I

0.I

1.2

0.4

0.8

1.2

0.0

0.0

0.0

10.4%

10.4%

Q

R

10.4%

S

T

U

V

W

X

Y

10.4%

0.1 0.0 Air 0.8 10.4%

0.1 0.50 Air 0.8 13.0%

0.1 0.0 Air 0.8 13.7%

0.50Z 0.1 Air 0.8
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

_ASE A- Nu

X/SL Nu
0,0383 1032.88
0.0403 1013.91
0.0424 1020.19
0.0444 1012.62
O.0464 966.58
0.0483 932.18
0.0504 906.15
0.0525 885.30
0.0545 857.22
0.0565 839.24
0.0585 818,96
0.0605 796.56
0.0626 772,97
0.0646 755.92
0,0666 745.04
0.0686 725.59
0.0706 711.82
0.0726 701.27
0.0747 690.57
0.0767 682.20
0.0786 671.19
0.0807 661.61
0.0827 652.19
0.0848 643.99
0.0868 632.02
0.0888 624,35
0.0908 616.12
0.0928 614.44
0.0949 609.54
0.0969 603.95
0.0989 590.80
0.1008 588.86
0,1029 584.18
0.1050 582.09
0,1070 575.19
0.1090 570.05
0.1110 567.49
0.1130 566.01
0.I 151 558.49
0.1171 557.16
0.1191 555.33
0.1211 558.12
0.1231 552.91
0.1252 545,94
0,1272 551.26
0.1292 552,31
0.1312 546.25
0.1332 540.31
0.1352 537.96
0.1373 537.32
0.1392 539.13
0.1413 536,44
0.1433 530.23
0.1453 529.54
0.1474 527.17
0.1494 526.55
0.1514 526.38
0.1534 528.68
0.1554 526.19
0.1575 521.02
0.1595 519.99
0.1615 518.45
0.1635 524.63
0.1655 521.90
0.1676 522.81

0.1696 520.64 0.4284 318.10
0.1716 519.59 0.4316 315.54
0.1736 522.84 0.4348 315.03
0.1756 518.36 0.4380 312.91
0.1777 516.15 0.4412 312.00
0.1797 518.04 0.4444 310,46
0.1817 520.75 0.4476 308.61
0,1836 517,47 0.4508 307.75
0,1857 512.29 0.4540 306.68
0.1878 516.09 0.4572 305.79
0.1898 515.32 0.4987 305.41
0.1918 513.09 0.5008 304.25
0.1938 513.36
0.1958 513.26
0.1979 515,68
0.1999 511,97
0.2019 511.41
0.2039 509.42
0.2059 508.81
0.2079 509.32
0.2100 505.93
0,2120 501.89
0.2140 499,20
0.2160 497,58
0.2180 497.93
0,2201 496.16
0.2221 494.47
0.2241 495.32

0.5031 301.46
0,5053 298.85
0.5074 297,37
0.5096 295.85
0.5118 292.56
0.5138 289,77
0,5161 288,35
0.5183 286.55
0,5205 284.10
0,5226 283,31
0.5248 281.48
0.5270 278,89
0.5291 277,39
0.5313 277,74
0.5335 278,27
0,5357 278.13

0.6247 318.86 0.7724 607.35 0.9201 753.90 -0.1849 289.61
0,6269 318.84
0,6289 320.06
0.6312 322.92
0.6334 326.85
0,6356 332.64
0.6377 342.33
0.6399 348.57
0.6421 344.87
0.6443 343.51
0.6464 351.31
0.6486 353,53
0.6508 356,70
0.6529 359,27
0,6551 375.48
0.6573 386,43
0.6595 377.38
0,6616 377.54
0.6638 382.03
0.6660 382.55
0.6681 397.75
0.6703 407.56
0.6725 402.33
0,6747 407.52
0,6768 419.23
0,6790 416,54
0.6812 418.68
0.6833 418.79

0.7746 610.74 0.9222 756.33 -0.1884 291.18
0.7767 612.24 0.9244 762.96 -0.1919 292.64
0,7789 652.13
0,7811 651.83
0.7832 623.46
0.7854 644,73
0.7876 631,19
0.7898 632,66
0.7919 649.72
0.7941 652.50
O.7963 657.04
0.7985 661.91
0.80O6 663.54
0.8028 643.41

0.8050 643,02
0.8071 663,75
0.8093 667.88
0,8115 651.59
0.8137 654.06
0.8158 653.21

0.9266 768.46 -0.1954 293.07

0.9288 772.80 -0.1990 294.59
0.9309 777.11 -0,2025 295.75

0.9331 780.24 -0.2060 296.99
0.9353 790.98 -0,2095 297.56

0.9374 800.86 -0.2130 299,19
0.9396 804.01 -0.2166 299.64
0.9418 808.99 -0.2201 308.51

0.9440 817.02 -0.2236 301.50
0.9461 821.26 -0.2271 301.61

0.9483 834.19 -0.2307 301.91
0.9505 836.94 -0.2342 302.12

0.9526 849.07 -0.2377 302.61
0,9548 862.15 .0.2412 302.86
0.9570 878.09 .0.2448 303.43
0.9592 886.14 .0.2483 303.52

-0.2518 304.56

X/PL Nu -0.2553 304.69
0.8180 653.08 .-0.0042 925.83 .0.2589 306.50
0.8202 681.24 ..0.0127 886.81 -0.2624 307.06
0,8223 663,03 .0.0213 914,91 -0,2659 307,14
0.8245 682.77 -0.0298 829.79 -0.2694 307,59
0.8267 662.21 .0.0333 769.46 -0.2729 308.10
0.8289 662.66 -0.0369 698.85 -0.2765 308.51
0.8310 666.74 -0.0405 614.74 -0.2800 309.25

0,2261 492.50
0.2281 490.48
0.2302 490,57
0.2302 490.09
0.2336 486.00
0.2371 480.27
0.2406 474.38
0.2441 470,24
0.2476 467.74
0.2511 467.12
0.2546 467.04
0,2581 465.72
0.2615 462.47
0.2649 465.32
0.2685 471.81
0.2720 475,55
0.2754 476.75
0.2790 451.59
0,2825 449.34

0.5378 275.56 0.6855 425.45
0.5400 276.09 0.6877 433.87
0.5422 277.86 0.6899 434.74
0.5443 281.90 0,6920 434.06
0.5465 281.67 0.6942 444.69
0.5487 278,73 0,6964 456.49
0,5509 278.35
0.5530 278,84
0.5552 281.03
0.5574 283,41
0.5596 281,45
0.5617 281.02
0.5639 287,23
0.5661 286.56
0.5682 301.91
0.5704 299.56
0.5726 301.33
0.5748 292.37
0.5769 292.32

0.8332 671.09 .0.0439 524.36 -0.2835 310,16
0.8354 672.65 -0.0475 423.67 -0.2871 311.45
0.8375 670.79 -0,0510 272.79 -0.2906 311.97
0.8397 669.63 -0.0545 224.34 .0.2942 311.70
0.8419 675.53 .0,0580 213.12 .0.2976 310.90
0.8441 677.86 -0.0615 211.85 -0.3011 310.27

0.6985 465.92 0.8462 675.01 -0.0651 211.50 -0.3047 310.10
0,7007 460,86 0,8484 674.43 -0.0686 211.48 -0.3082 309.51
0,7029 466.39 0.8506 677.53 -0.0721 211.87 -0.3117 309.25
0.7050 478.52 0.8527 680.37 -0.0756 212.43 -0,3152 310.00
0,7072 481.04 0.8549 682.86 .0.0791 214,43 -0,3188 309.84
0,7094 495,20 0,8571 679.53 -0.0827 216.23 -0,3223 309,04
0,7116 491.89 0.8593 701,20 -0.0862 218.92 -0.3258 309.26
0.7138 494.55 0.8614 681,66 -0.0897 221,52 -0,3293 308.34
0.7159 506,75 0,8636 684.48 -0.0932 224.19 -0,3329 308,28
0.7180 508.29 0,8658 690.50 .0.0968 227,34 -0.3364 308,48
0.7203 516.34 0,8679 689.76 .0.1003 231.71 .0.3400 308.69
0.7224 514,09 0.8701 696.40 -0.1038 235.00 -0.3434 307.87
0.7246 520.90 0.8723 698,86 -0.1073 238.36 -0.3469 308.31

0.2860 446,93 0.5791 294.14
0.2895 447.47 0.5813 292.59
0.2929 447.84 0.5834 309.29
0.2964 434.36 0.5856 296.11
0.2999 428.37 0.5878 296.91
0.3034 411,89 0.5899 299,14
0.3069 404.41 0.5921 300.75
0,3836 348,24 0.5943 301.85
0.3868 344.49 0,5965 301,60
0.3899 337.00 0.5986 300.25
0.3932 333.26 0.6008 301.39
0.3964 329.52 0.6029 303.46
0.3996 325.77 0.6052 307.80
0.4028 326.52 0.6073 320.70
0.4060 327.68 0.6095 317.48
0.4092 325.79
0,4124 322.90
0.4156 321.62
0.4188 319.66
0,4220 319.43
0,4252 318.72

0.7268 523.62 0.8745 697.94 -0.1109 249.43 -0.3505 308.63
0.7290 531.08
0.7310 541.62
0.7333 567.08
0.7355 546.47
0.7376 557.95
0.7398 559.13
0,7420 562.05
0.7442 565.62
0.7463 569,11
0.7485 580.14
0.7507 579,86
0.7528 580.25
0.7550 585,71
0,7572 584,51

0.6117 305.99 0.7594 590.79
0.6138 314.85 0.7615 594.65
0.6159 312,80 0_7637 596.09
0.6182 313.27
0.6204 310.71
0.6225 313.24

0.8766 697.82 -0.1144 260.81 -0.3540 308.51
0.8788 701.12 -0.1179 248.42 -0.3575 308.00
0.8810 705.71 .0.1214 255.65 .0.3610 307.76
0.8832 705.72 .0.1250 258.22 -0.3646 308.17
0.8853 707.30 -0,1285 260.65 -0.3681 309.14
0.8875 709.07 -0.1320 263.72 .0.3716 310.10
0,8897 710.43 -0.1355 271.78 -0.3751 309.75
0.8918 711.46 .0.1390 269.09 .0.3787 309.09
018940 715.29 .0.1426 266.28 .0.3822 310.19
0.8962 717.34 -0.1461 268.85 -0.3858 311.70
0.8984 721.89 -0.1496 271.23 -0.3892 319.68
0.9005 727.11 .0.1531 274.24 -0.3929 320.33
0.9027 730.50 -0,1567 286.32 -0.3963 320.83
0.9049 730.85 -0,1603 282.26 -0.3998 326.05
0,9070 733.79 -0.1637 285.00 -0.4033 329,52
0,9092 737.62 -0.1672 285.45 -0.4068 325,77
0,9114 741,59 -0.1708 284.23 -0.3969 333.26

0.7659 599.89 0.9136 743,43 .-0.1743 285.97 -0.3999 344.49
0.7680 600,82 0.9157 746.87 -.0.1778 287.22 .0.4029 327.27
0.7702 619.11 0.9179 751.80 .0.1813 288.01 -0.4059 366.36
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0,4090 357.32 --0,6123 420.78 -0.8157 374.28 0.0577 1077.66 0.1895 484.21 0.4303 524.25 0.5814 801.18
-0.4119 347.76 -0.6153 390.99 -0.8187 367.53 0.0596 1044.39 0.1914 482.13 0.4325 523.26 0.5836 801.98
-0.4149 359.45 -0.6183 375.15 -0.8217 361.28 0.0616 1017.66 0.1933 479.93 0.4347 525.81 0.5858 800.83
-0.4179 355.33 -0.6213 376.21 -0.8247 380.80 0.0635 982.72 0.1953 479.33 0.4370 530.92 0.5881 795.61
-0.4209 337.00 -0.6243 398.95 -0.8277 364.36 0.0654 950.28 0,1972 478.49 0.4392 533.54 0.5903 795.60
-0.4238 365.96 -0.6273 376,10 -0.8307 375.82 0.0674 924.46 0,1992 476.13 0.4414 536.50 0.5925 794.50
-0.4268 345.42 -0.6304 392.58 -0.8337 376.18 0.0693 896.63 0.2011 474.61 0.4436 537.00 0.5947 794.31
-0,4298 331.94 -0.6333 381.93 -0.8367 393.24 0.0713 872.60 0.2030 473.95 0.4459 539.42 0.5970 787.45
-0.4328 313.71 -0.6362 397.68 -0.8397 373.89 0.0732 854.01 0.2050 476.18 0.4481 546.99 0.5992 788.78
-0.4358 333.16 -0.6392 372.84 -0,8427 386.34 0,0751 831.09 0.2069 474.10 0.4503 552.63 0.6014 789.91
-0.4388 317.70 -0.6422 379.77 -0.8457 411,86 0.0771 813.81 0.2088 471.27 0.4525 555.34 0.6036 787.36
-0.4418 317.78 -0.6452 398.56 -0.8486 411.07 0.0790 795.85 0.2108 468.44 0.4547 555.52 0,6058 787.72
-0,4448 316.10 -0.6482 382.45 -0.8516 420.58 0.0810 780.07 0.2127 466.64 0.4570 558,51 0.6081 786.94
-0.4478 319.20 -0.6512 383.34 -0.8546 407.93 0.0829 764.26 0.2147 464.93 0.4592 562.26 0.6103 786.98
-0.4508 322.34 -0.6542 392,50 -0.8576 402.25 0.0848 747.11 0.2166 464,67 0.4614 566.36 0.6125 785,30
-0.4538 330.86 -0.6572 424,59 -0,8606 385,37 0.0868 735.23 0.2185 466.39 0.4636 568.11 0,6147 780.81
-0,4568 335,94 -0,6602 446.10 -0.8636 413.18 0.0887 723,45 0.2205 461,58 0.4659 572.76 0.6170 780.78
-0.4597 349,25 -0.6632 400.44 -0.8666 431.07 0.0906 712.85 0.2224 459.01 0,4681 576.56 0.6192 778.52
-0.4627 352.18 -0.6663 392.53 -0.8696 389.13 0.0926 703.09 0.2243 458.19 0,4703 577.34 0.6214 778.72
-0.4657 351.24 -0.6692 384.04 -0.8726 382.29 0,0945 694,21 0,2263 458.03 0.4725 583.67 0.6236 776.98
-0.4687 351.48 -0.6721 399.86 -0.8756 389.2i 0.0965 681.94 0.2282 457.85 0.4747 589.98 0.6258 774,00
-0.4717 367.25 -0.6751 388.64 -0.8786 384.88 0.0984 669.79 0.2302 454.67 0.4770 595.88 0.6281 772.46
-0.4747 342.91 -0.6781 394.17 -0,8816 3_2._26 0.1003 660.18 0.2302 451.67 0.4792 599.80 0.6303 772.50
-0.4777 324.04 -0.6811 388.86 -0.8845 380.26 0.1023 654.68 0.2334 453.15 0.4814 600.33 0.6325 767.28
-0.4807 326.65 -0.6842 382.02 -0.8875 389.18 0.1042 644.17 0.2366 453.81 0.4836 602.36 0.6347 767.80
-0.4837 326.03 -0.6871 386,69 -0.8905 385.57 0.1061 632.13 0,2398 457.19 0,4859 612.37 0.6370 764.97
-0.4867 327.69 -0.6901 372.83 .-0.8935 394.47 0.1081 624,31 0.2430 459.53 0.4881 616.22 0.6392 760.21
-0.4897 337.06 -0.6931 374.17 -0.8965 391.54 0.1100 617.00 0.2461 458.60 0.4903 613.61 0.6414 767.36
-0.4927 326.46 -0.6961 381.66 -0.8995 386.49 0.1120 6i0.55 0.2493 457.52 0.4925 619.18 0.6436 764.20
-0,4956 332.67 -0,6991 396.83 -0.9025 402.09 0,1139 605.21 0.2525 459.62 0.4947 627.04 0.6458 758.74
-0,4986 325.76 -0.7021 399.37 -0.9055 398.38 0.1158 600,03 0.2557 460.34 0.4970 634.46 0.6481 762.31
-0.5017 326.91 -0.7051 395.68 -0.9085 393.32 0,1178 594.48 0.2589 462.86 0.4992 634.75 0.6503 760.09
-0,5046 328.54 -0.7080 418.48 -0.9115 394.06 0,1197 590.04 0.2621 466.33 0.5014 64t.00 0.6525 753.89
-0.5076 323.31 -0,7110 395,11 -0.9145 396.52 0.1216 587.53 0,2653 470,59 0.5036 649.97 0.6547 754.00
-0.5106 324.44 -0.7140 394.92 -0,9174 398.79 0.1236 583.77 0.2685 471.96 0.5059 656.77 0.6570 752.75
-0,5136 330,45 -0.7170 373.78 -0.9204 404,46 0.1255 581.05 0.2717 472.03 0.5081 658.53 0,6592 751.74
-0.5166 337.04 -0.7201 389.56 -0,9234 420.03 0.1275 577,43 0.2749 471.36 0.5103 665.47 0.6614 756.86
-0.5196 331.00 -0.7230 414,64 -0.9264 424,72 0.1294 573,51 0.2781 470.42 0.5125 669.56 0.6636 746.87
-0.5227 339.48 -0,7260 397.72 -0.9294 409.84 0.1313 567.23 0.2813 470,53 0.5147 676,87 0.6658 743,17
-0.5256 337.51 -0.7290 400,95 -0.9324 411.88 0.1333 563,28 0.2845 471.06 0.5170 681.30 0.6681 747.11
-0.5286 339.31 -0.7320 382.92 -0.9354 441.27 0.1352 559,54 0.2877 474.69 0.5192 689.52 0.6703 743.45
-0.5315 345.39 -0.7350 390.63 -0.9384 416,11 0.1371 556.67 0.2909 475.87 0.5214 691.83 0.6725 740.59
-0.5345 350.42 -0.7380 382.54 -0.9414 440.88 0.1391 553.39 0.2941 473.39 0.5236 699.53 0.6747 738.21
-0.5375 370.14 -0.7409 400.65 -0.9444 423.60 0.1410 549.34 0,2973 472,88 0.5259 704.42 0.6770 734.76
-0.5405 344.05 -0,7439 370.69 -0.9474 427.92 0,1430 547,50 0,3005 469.42 0.5281 713.49 0.6792 738.43
-0,5435 345,58 -0.7469 370,46 -0.9504 433.76 0,1449 542.56 0.3037 461.54 0.5303 715,82 0.6814 732.12
-0.5465 345.60 -0.7499 398.36 -0.9533 434,44 0.1468 536.60 0,3069 489,87 0,5325 721,73 0.6836 729.34
-0.5495 346,92 -0.7529 378.25 -0.9563 461.72 0.1488 531.48 0,3836 523,76 0.5347 730.89 0.6858 728.95
-0.5525 348.52 -0.7560 379.18 -0.9593 471,44 0.1507 527.43 0.3859 550.33 0.5370 738.20 0.6881 726.79
-0.5555 344.22 -0.7589 382.54 -0.9623 472.20 0.1526 523.17 0.3881 549.58 0.5392 738.31 0.6903 723.01
-0.5586 342.69 -0,7619 391.44 -0,9653 454.04 0.1546 521,95 0.3903 541.44 0.5414 745.96 0.6925 727,24
-0.5615 360.68 -0.7649 377.07 -0.9683 456.69 0.1565 518.47 0.3925 530.83 0.5436 756.81 0.6947 722.09
-0.5645 371.88 -0.7679 407.61 -0.9713 462,45 0.1585 513.95 0.3947 524.40 0.5459 763.62 0.6970 720,05
-0.5674 373.84 -0,7709 414.23 0.1604 512.36 0,3970 520.53 0,5481 763.93 0.6992 723.45
-0.5704 369.90 -0.7739 408.76 0,1623 510,24 0,3992 520.05 0,5503 770.77 0.7014 719.60
-0.5734 390.72 -0.7768 398.82 CASEB-Nu 0.1643 507.96 0,40!4 521.11 0.5525 778.10 0.7036 714.49
-0.5764 385.55 -0.7798 360,55 0.1662 503.66 0.4036 523.18 0.5547 786,15 0.7058 715.09
-0.5794 385.79 -0.7828 388.80 X/S1. Nu 0.1682 501.74 0.4059 532.12 0.5570 785.88 0.7081 715.68
-0.5824 405.52 -0.7858 376.27 0,0383 1468.56 0.1701 500.67 0.4081 527.13 0.5592 790.43 0.7103 720.47
-0.5854 400.76 -0.7888 372.51 0.0403 1427.25 0,1720 499.33 0.4103 524.76 0.5614 791.12 0.7125 718.77
-0.5884 371.70 -0,7919 384,03 0.0422 1367.71 0.1740 497.67 0.4]25 526.24 0,5636 792.63 0.7147 712.54
-0.5914 347.76 -0.7948 385.25 0.0441 1317.00 0.1759 497.51 0.4147 527.66 0.5658 794.26 0.7170 707.69
-0.5945 350.65 -0,7978 368,45 0.0461 1281.43 0.1778 513.63 0,4170 529,27 0,5681 799.09 0.7192 707.70
-0.5974 378.23 -0.8008 380.69 0,0480 1244,83 0.1798 493.35 0,4192 526.22 0.5703 805.38 0.7214 706.56
-0.6003 403.37 -0._8 379.49 0.0499 1211.37 0.1817 492.07 0,4214 526.53 0,5725 801.43 0.7236 706,89
-0.6033 386.20 -0.8068 372.50 0.0519 1170.95 0.1837 491.18 0.4236 523.12 0.5747 800.26 0.7258 702.45
-0.6063 382.29 -0.8098 374.43 0.0538 1134.56 0.1856 490.46 0,4259 523.85 0.5770 801.14 0.7281 699.91
-0.6093 394.66 -0.8127 360.02 0.0558 1107.06 0.1875 487.66 0.4281 524,63 0.5792 801.86 0.7303 700.72
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.7325 700.27 0.8836 647.57 -0.1800 398.90 -0.4298 444.05 -0.6333 477.04 -0.8367 431.53 0.0713 824.48

0.7347 700.36 0.8858 652.00 -0.1839 398,45 -0.4328 393.32 -0.6362 475.64 -0,8397 438.45 0.0732 789.78
0.7370 694.87 0,8881 649.79 -0.1877 401.48 -0.4358 430.90 -0.6392 492.70 -0.8427 446.77 0.0751 773.79

0.7392 687.31 0.8903 648.70 -0.1916 402.73 -0.4388 456.85 -0.6422 462.68 -0.8457 441.78 0,0771 756.46
0.7414 687.73 0.8925 657.05 -0.1955 403.05 -0.4418 470.74 -0.6452 459.11 -0.8486 439.16 0.0790 741.04
0.7436 688.01 0,8947 662.17 -0.1994 401.78 -0,4448 478.51 -0.6482 467.02 -0.8516 442.06 0.0810 729.07

0.7458 688.77 0.8969 662.50 -0.2033 402.70 -0.4478 471.13 -0,6512 485.72 -0.8546 448.99 0.0829 721.70
0.7481 683.24 0.8992 663.85 -0.2072 402.83 -0,4508 495.85 -0.6542 468.70 -0.8576 454.11 0.0848 714.26

0.7.503 681,12 0.9014 669.46 -0.2111 404.46 -0.4538 460.07 -0.6572 465.90 -0.8606 454.00 0.0868 702.59
0.7525 681.48 0.9036 670.47 -0.2150 405.23 -0.4568 441,73 -0.6602 480.72 -0.8636 455.24 0.0887 694.30
0.7547 683.31 0.9058 675.43 -0.2188 407.48 -0.4597 426.48 -0.6632 496.01 -0.8666 456.99 0.0905 699.59
0.7570 682.99 0.9081 678.13 -0.2227 408.02 -0.4627 413.18 -0.6662 472.51 -0.8696 461.96 0.0926 680.91
0,7592 675.64 0.9103 683.93 -0.2266 408,17 -0.4657 437.14 -0.6692 468.72 -0.8726 447.42 0.0945 670.95

0.7614 674.17 0,9125 689.88 -0.2305 409.71 -0.4687 448.74 -0.6721 458.91 -0.8756 443.69 0.0965 661.05
0.7636 671.56 0.9147 692.04 -0.2344 411.04 -0.4717 435,25 -0,6751 456.31 -0.8786 438.74 0.0984 652.44

0,7658 669.84 0.9169 694,60 -0.2383 411.52 -0.4747 454.79 -0.6781 467.55 -0,8816 439.20 0.1003 646,89
0.7681 665.11 0.9192 700.70 -0.2422 411.31 -0.4777 439.77 -0.6811 468.35 -0.8845 441.94 0.1023 636,59

0,7703 664,16 0.9214 708.53 -0.2461 411.14 -0.4807 424,43 -0.6841 456.21 -0.8875 448.99 0.1042 628.21
0.7725 667.03 0,9236 711.39 -0,2499 413.51 -0.4837 429.65 -0.6871 456,37 -0.8905 441.94 0.1061 621.08

0,7747 665.54 0.9258 721.67 -0.2538 413,45 -0.4867 439.94 -0.6901 462.01 -0.8935 443.87 0.1081 614.43
0.7770 661.93 0,9281 730.04 -0,2577 414.82 -0.4897 437,98 -0,6931 480.93 -0.8965 447.87 0.1100 609,36
0,7792 660.85 0,9303 731,20 -0.2616 414.91 -0,4927 441,40 -0,6961 480.99 -0.8995 449.11 0.1120 605.83
0,7814 666,95 0.9325 746,70 -0.2655 417,07 -0.4956 461.61 -0.6991 534.08 -0.9025 447.56 0.1139 599.80
0.7836 663,70 0.9347 751.33 -0,2694 419.60 -0.4986 460.70 -0.7021 503.14 -0.9055 448.14 0,1158 593,80
0.7858 662.02 0.9369 759.21 -0.2733 419.26 -0.5016 448,08 -0,7051 481.98 -0.9085 454.20 0.1178 594.03
0.7881 658.98 0.9392 766.61 -0.2771 418,68 -0,5046 444.45 -0.7080 473.63 -0.9115 448.64 0.1197 589.52
0,7903 661.88 0.9414 781.85 -0.2810 417.14 -0.5076 449.22 -0.7110 461,34 -0.9145 451,30 0.1216 588.51
0,7925 661.86 0.9436 792,11 -0.2849 417.99 -0.5106 435,36 -0,7140 465.58 -0.9174 460.85 0,1236 587.66
0.7947 656,07 0.9458 802.40 -0.2888 419,47 -0.5136 455.47 -0.7170 463.35 -0.9204 462.82 0.1255 587,76
0.7969 650,15 0.9481 810.85 -0.2927 419.15 -0.5166 468.48 -0.7200 450.10 -0.9234 476.00 0.1275 582,66
0.7992 651,05 0.9503 835.99 -0.2966 418.26 -0.5196 455.87 -0.7230 454.64 -0.9264 471,11 0.1294 574.00
0.8014 655.84 0.9525 856,53 -0.3005 418,68 -0,5226 448.38 -0,7260 459.32 -0.9294 464.81 0.1313 570.19
0.8036 651.63 0,9547 870.71 -0.3044 419,56 -0.5256 458.40 -0.7290 471.50 -0,9324 472.04 0.1333 569,68
0.8058 652,62 0.9569 891.76 -0.3082 418,22 -0.5286 441.43 -0,7320 470.62 -0.9354 480.98 0.1352 567,63
0.8081 648.57 0.9592 936.84 -0,3121 417,62 -0.5315 445.28 -0,7350 457.50 -0.9384 484.64 0.1371 567.54
0,8103 652.35 -0.3160 417.51 -0.5345 467,89 -0.7380 456,26 -0.9414 476.64 0.1391 566.54
0.8125 646.65 X/PL Nu -0.3199 418.13 -0.5375 480.46 -0,7409 486,90 -0.9444 480.09 0,1410 565.88
0.8147 645.82 -0.0026 1512.74 -0.3238 417.79 -0.5405 486,76 -0,7439 509.37 -0.9474 485.50 0.1430 561.82
0.8169 649.72 -0.0090 1471.53 -0,3277 417.06 -0,5435 441.83 -0.7469 461.68 -0.9504 490.68 0.1449 557.30
0.8192 651,80 -0.0153 1321,83 -0.3316 415.98 -0.5465 450.42 -0.7499 465,13 -0.9533 494.96 0,1468 556.35
0,8214 646.64 -0.0217 1271.18 -0.3355 418,22 -0.5495 452.98 -0,7529 463.58 -0.9563 499.81 0,1488 552.81
0.8236 640,19 -0.0280 1439.44 -0.3393 421.13 -0.5525 449.63 -0,7559 452,61 -0,9593 503,11 0.1507 551.67
0.8258 647.45 -0.0344 1389.49 -0.3432 419,51 -0,5555 469.74 -0.7589 451.09 -0.9623 510.30 0.1526 550.01
0.8281 654,63 -0.0408 917.84 -0.3471 420.35 -0,5585 492,92 -0.7619 458.10 -0,9653 514,28 0,1546 549,70
0,8303 644.65 -0.0471 865.38 -0,3510 422.70 -0.5615 449.68 -0.7649 448.55 -0.9683 517.88 0.1565 546,05
0,8325 643.14 -0.0535 626,77 -0.3549 419.52 -0.5645 459,00 -0.7679 442,85 -0.9713 523.21 0.1585 543,55
0,8347 636.15 -0.0598 375.67 -0.3588 423.27 -0.5674 450,31 -0,7709 443.22 0.1604 544,41
0.8369 634,96 -0.0662 435,87 -0,3627 427.00 -0.5704 452.97 -0,7739 433.23 0.1623 543.42
0.8392 639,83 -0.0726 437.71 -0.3665 427.87 -0.5734 443,61 -0,7768 436.76 CASEC-Nu 0,1643 539.14
0.8414 644.05 -0.0789 373,79 -0.3704 428.15 -0.5764 450.62 -0.7798 436.03 0.1662 538.20
0.8436 640.02 -0.0853 372,25 -0.3743 427.05 -0.5794 456,17 -0.7828 436.29 X/SL Nu 0.1682 537.98
0.8458 637_88 -0.0916 372,45 -0,3782 426,35 -0,5824 451.65 -0.7858 434.19 0.0383 1279.17 0.1701 539.37
0.8481 640,81 -0.0980 372,54 -0.3821 425,87 -0.5854 455,41 -0,7888 436,70 0.0403 1238,06 0.1720 542.08
0.8503 640.52 -0.1044 369.82 -0,3860 419,38 -0,5884 453.68 -0.7918 438.70 0.0422 1245.36 0.1740 539.89
0.8525 641.19 -0.1107 372.58 -0.3899 425.44 -0,5914 453.27 -0.7948 438.93 0.0441 1196.39 0.1759 537.94
0.8547 640.86 -0,1171 373,51 -0,3938 428.12 -0.5944 461,76 -0.7978 445,40 0.0461 1191,25 0.1778 538.46
0.8569 642.97 -0,1234 374,84 -0.3976 427,01 -0.5974 474.73 -0.8008 461.56 0.0480 1177,40 0.1798 540.44
0.8592 642,54 -0,1298 377.37 -0.3969 417,47 -0.6003 483,08 -0.8038 474,44 0.0499 1131.02 0.1817 541.69
0,8614 639.40 -0.1362 379.94 -0.3999 454.76 -0.6033 482,20 -0,8068 451,95 0.0519 1080,25 0.1837 541.41
0,8636 643.08 -0,1425 383,28 -0.4029 448.49 -0.6063 461.44 -0.8098 461.00 0.0538 1051,51 0.1856 538.42
0,8658 641.14 -0.1489 385,64 -0.4059 435.91 -0.6093 465.16 -0.8127 440.97 0.0558 1008.55 0.1875 541.35
0.8681 644,79 -0.1528 389.11 -0,4089 445.44 -0.6123 458.44 -0.8157 437.53 0.0577 987.28 0.1895 538.54
0,8703 645.92 -0.1567 437,19 -0.4119 428,64 -0,6153 445.64 -0.8187 440,88 0.0596 975.03 0.1914 531.34
0.8725 639.62 -0.1605 440,56 -0,4149 427,83 -0,6183 451.56 -0.8217 451,11 0,0616 919.74 0,1933 531.26
0.8747 642.50 -0.1644 392,73 -0,4179 430.45 -0.6213 447.73 -0.8247 452,29 0.0635 898,82 0.1953 534,83
0.8769 645.43 -0.1683 397.14 -0.4209 428.02 -0.6243 467,71 -0,8277 443,90 0.0654 876.16 0.1972 534.02
0.8792 643.41 -0.1722 397.20 -0.4238 429.07 -0.6273 472.38 -0.8307 443.20 0,0674 851.53 0.1992 532.58
0.8814 647.84 -0,1761 397.09 -0.4268 437.31 -0.6303 447,58 -0,8337 437.65 0.0693 831,96 0.2011 533.96
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.2030 536.83 0.4459 771.27 0.5970 965.58 0.7481 721.20 0.8992 698.86 -0.1659 472.26 -0.4837 476.63
0.2050 535.69 0.4481 768.81 0.5992 957.43 0.7503 725.47 0.9014 700.98 -0.1695 482.47 -0,4867 457.73
0.2069 530.13 0.4503 781.29 0.6014 953.18 0.7525 712.42 0.9036 711.35 -0.1730 485.14 -0.4897 466.45
0.2088 527.47 0.4525 791.02 0.6036 955,04 0.7547 713.52 0.9058 718.44 -0.1766 481.65 -0.4927 518.19
0.2108 532,28 0,4547 790.44 0.6058 950.81 0.7570 713.67 0.9081 720.79 -0.1800 474.22 -0.4956 494.89

0.2127 532.38 0,4570 794.20 0.6081 935.70 0,7592 707.97 0.9103 723.42 -0.1836 473.27 -0.4986 500,02
0.2147 532.51 0.4592 804.68 0.6103 927.74 0.7614 705.42 0.9125 726.86 -0.1871 473.38 -0.5016 526.07
0.2166 530.13 0,4614 807.78 0.6125 928.22 0.7636 699.14 0.9147 734.52 -0.1906 474.19 -0.5046 495.94
0.2185 524.50 0.4636 803.38 0.6147 924,66 0.7658 700.41 0.9169 745.73 -0,1941 483.59 -0.5076 473,40
0.2205 523.25 0.4659 814.49 0.6170 927.52 0.7681 697.91 0.9192 753.98 -0,1977 476.48 -0.5106 473.95
0.2224 524.10 0.4681 820.93 0.6192 916.42 0.7703 694.77 0.9214 754.17 -0.2012 476.99 -0.5136 499.08

0.2243 523.01 0.4703 824.08 0.6214 915.76 0.7725 696.44 0.9236 759.90 -0.2047 477.52 -0.5166 499.21
0.2263 524.87 0,4725 822.53 0.6236 918.60 0.7747 691.82 0.9258 765.21 -0.2082 489.05 -0.5196 487,47

0.2282 522,62 0.4747 829.12 0.6258 909.14 0.7770 693.45 0.9281 773.66 -0.2117 490.54 -0.5226 436.78
0.2302 519.77 0.4770 836.29 0.6281 902.06 03792 689.39 0.9303 780.52 -0.2153 481.08 -0.5256 452.58

0.2302 517.79 0.4792 845.37 0.6303 903.06 0.7814 688.41 0,9325 796,26 -0.2188 480,92 -0.5286 460.20
0.2334 518.81 0.4814 848,01 0,6325 900.72 0.7836 691.36 0.9347 805.70 -0.2223 483.62 -0.5315 494.60
0.2366 527.69 0.4836 849.27 0.6347 894.22 0,7858 689.91 0.9369 815.96 -0.2258 482.27 -0.5345 511.95
0.2398 525.08 0.4859 854.86 0.6370 887.59 0,7881 682.69 0,9392 829.22 -0.2294 482.49 -0.5375 490.47
0.2430 520.91 0.4881 863.57 0,6392 878,49 0,7903 681.45 0.9414 849.58 -0.2329 481.75 -0.5405 513,67
0.246i 5i9.58 0.4903 861.21 0.6414 868.53 0.7925 679.68 0.9436 864.26 -0.2364 481.54 -0.5435 466.56
0.2493 520.38 0.4925 864.36 0,6436 871.30 0.7947 677.72 0,9458 873.41 -0.2399 481.39 -0.5465 446.17
0.2525 522.19 0.4947 865.91 0.6458 871.33 0.7969 680.97 0.9481 891,34 -0,2435 480.93 -0.5495 463.51
0.2557 524.93 0,4970 869.80 0.6481 861.02 0.7992 674.18 0,9503 909,81 -0.2470 480.90 -0.5525 478.38
0.2589 542,10 0.4992 873,96 0.6503 850,50 0.8014 677.72 0.9525 925.27 -0,2505 482.10 -0.5555 495,84
0.2621 542.20 0.5014 881.96 0.6525 849.49 0.8036 674.78 0,9547 940,42 -0.2540 482,44 -0.5585 516.80
0.2653 535.71 0,5036 889.21 0.6547 845.90 0.8058 672.07 0.9569 962.62 -0,2576 483.82 -0.5615 493,65
0.2685 533.73 0.5059 896.22 0.6570 838.10 0.8081 670,65 0.9592 975.46 -0,2611 482,80 -0.5645 488,54
0.2717 529.38 0.508i 896.56 0.6592 833.57 0.8103 670.64 -0.2646 482.83 -0.5674 486.60
0.2749 531.56 0.5103 898.93 0.6614 833.34 0.8125 673.26 X/PL Nu -0.2681 484,19 -0,5704 465.10
0.2781 538.51 0.5125 906,94 0.6636 826.24 0.8147 669.32 -0.0069 1621.73 -0.27i6 481.54 -0.5734 448.86

0.2813 526.75 0.5147 912.52 0.6658 824.95 0.8169 670.59 -0.0154 1685.15 -0.2752 482.76 -0.5764 478.97
0.2845 533.30 0.5170 915.38 0,6681 824.99 0,8192 669,15 -0.0240 1637.92 -0.2787 484.05 -0.5794 488.64

0.2877 529.89 0.5192 929.37 0,6703 820.98 0.8214 667.31 -0.0326 1545.73 -0.2822 485.24 -0.5824 502.62
0.2909 530,18 0.5214 938.79 0.6725 814.57 0.8236 664.67 -0.0411 1329.28 -0.2857 485,19 -0.5854 494.39
0.2941 527.53 0.5236 939.65 0.6747 807.04 0.8258 663.08 -0.0497 1166.09 -0.2893 487.46 -0.5884 481.24

0.2973 513.15 0.5259 942.94 0.6770 795.92 0.8281 664.43 -0.0532 983.30 -0.2928 487.61 -0.5914 468.83
0.3005 506,90 0.5281 954,52 0.6792 791,63 0.8303 669.65 -0.0867 885.42 -0.2963 486.64 -0.5944 489.72
0.3037 524.23 0.5303 962.09 0.6814 797.17 0.8325 670.52 -0.0602 664.46 -0.2998 487.29 -0.5974 494.27

0.3069 546,70 0,5325 962,25 0,6836 795,40 0.8347 659,82 -0.0638 661.91 -0.3034 487,80 -0.6003 515.24
0,3836 658.78 0.5347 970,67 0.6858 792.66 0.8369 656.59 -0.0673 640.33 -0.3069 487.90 -0.6063 548.26
0.3859 671.39 0,5370 970.31 0.6881 791.69 0.8392 659.93 -0.07_08 556.36 -0,3104 486,73 -0.6093 524,23
0.3881 680.18 0.5392 975.12 0.6903 786.03 0.8414 665.81 -0.0743 506.69 -0,3139 486.61 -0.6123 515.59
0.3903 714.26 0.5414 979.79 0.6925 781.52 0.8436 671.82 -0.0778 502.05 -0.3175 485.40 -0.6153 516.65
0.3925 715.20 0.5436 980.24 0.6947 775.32 0.8458 663.66 -0.0814 483.05 -0,3210 483.95 -0.6183 547.52
0.3947 719.43 0.5459 990.16 0.6970 773,66 0,8481 658.09 -0.0849 483.58 -0,3245 481.29 -0.6213 558.74
0.3970 701.39 0.5481 998.20 0.6992 773.81 0.8503 664.48 -0.0884 466.99 -0.3280 490.98 -0.6243 525,63
0.3992 709.93 0.5503 1004.51 0.7014 772.52 0.8525 670.58 -0.0919 465.33 -0.3738 495.47 -0.6273 520.07
0.4014 708.30 0.5525 1009.35 0.7036 767.39 0.8547 671.86 -0,0955 463.34 -0.3774 495,81 -0.6303 527.62
0.4036 691.04 0.5547 1010.30 0.7058 758.85 0.8569 663.75 -0.0990 465.44 -0.3809 494.66 -0.6333 528.50
0.4059 693.79 0.5570 1017.33 0.7081 755.86 0.8592 670.63 -0.1025 466.48 -0.3844 494.86 -0.6362 521.32
0.4081 732.05 0.5592 1026.12 0.7103 758,28 0.8614 673.50 -0.1060 467.54 -0.3879 493.49 -0,6392 477.22
0.4103 727.87 0.5614 1016.23 0,7125 759.06 0.8636 667.40 -0.1096 467.72 -0.3915 493,43 -0.6422 490.68
0.4125 713.53 0.5636 1013,00 0.7147 756.63 0.8658 669.07 -0.1131 466.98 -0.3950 493.05 -0.6452 531.47
0.4147 723.18 0.5658 1014.70 0.7170 750.04 0.8681 670.18 -0.1166 466.57 -0.3985 492.23 -0.6482 520.32

0.4170 718,61 0.5681 1019.23 0,7192 754,92 0,8703 675.82 -0,1201 483.41 -0,4020 492.78 -0.6512 531.64
0.4192 723.55 0.5703 1020.78 0.7214 745.76 0.8725 674.80 -0.1237 465.88 -0.4055 492.51 -0.6542 532.13
0.4214 727.32 0,5725 1022.95 0.7236 741.42 0.8747 673,75 -0.1272 466.49 -0.4091 493.17 -0,6572 535.54
0.4236 725.78 0.5747 1020.88 0.7258 741.22 0.8769 677,68 -0.1307 467.57 -0.4126 494.28 -0.6602 534.93
0.4259 726.37 0.5770 1009.27 0.7281 737.72 0.8792 682.69 -0.1342 468.36 -0.4161 493.49 -0.6632 513.96
0.4281 732.98 0.5792 1009.71 0.7303 736,93 0.8814 682.10 -0.1378 468.33 -0,4196 503.11 -0.6662 500.81
0.4303 735.66 0.5814 1010.26 0.7325 729.24 0.8836 674.33 -0.1413 468.85 -0.4232 518.22 -0.6692 483.57
0.4325 733.50 0.5836 1000.41 0.7347 733,15 0.8858 679.71 -0.1448 468.50 -0.4267 492.47 -0.6721 507.78
0.4347 735.55 0,5858 998,83 0.7370 734,43 0.8881 684.48 -0,1483 468.11 -0.4687 485.82 -0.6751 477,19
0.4370 737,96 0,5881 1005,71 0.7392 729.77 0.8903 690.58 -0.1518 469.16 -0.4717 486,90 -0.6781 508.82
0,4392 746,26 0.5903 990.00 0,7414 723.06 0.8925 687.21 -0,1554 469.66 -0.4747 526.87 -0.6811 482.33
0.4414 754.78 0.5925 982,21 0.7436 718.90 0,8947 693,63 -0.1589 471.27 -0.4777 509.94 -0.6841 488,17
0.4436 763,41 0.5947 970.15 0.7458 722.46 0,8969 700,67 -0.1624 471,95 -0.4807 466.40 -0.6871 504,41
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Coolin_ Effectiveness
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-0.6901 514.31 -0.8935 482.92 0.108'1" 636.23 0.2430 523.52 0.4881 832.45 0.6392 875.01 0.7903 695.23
-0.6931 524.01 -0.8965 486.72 0,1100 631,98 0.2461 521.14 0.4903 841.13 0.6414 869.30 0.7925 696.35
-0.6961 511.54 -0.8995 464.10 0.1120 627.21 0,2493 524.14 0.4925 837.84 0.6436 873.54 0.7947 696.44
-0.6991 520.45 -0.9025 473.39 0,1139 627.06 0.2525 524.62 0.4947 835.92 0.6458 870.83 0.7969 695.20
-0.7021 523.03 -0.9055 461.22 0. t158 622,95 0.2557 527.15 0,4970 849.10 0.6481 861.09 0.7992 692.45
-0.7051 511.68 -0.9085 463.43 0.1178 618,62 0,2589 532.38 0.4992 854, t4 0.6503 855.13 0.8014 689.30
-0.7080 500.23 -0.9115 468.89 0.1197 617.13 0.2621 544.48 0.5014 855.69 0.6525 857.46 0.8036 688.56
-0.7110 500.94 -0.9145 470.49 0.1216 612.00 0,2653 539.50 0.5036 858.19 0.6547 858.66 0.8058 683.10
-.0.7140 510.17 -0,9174 469,88 0.1236 610.07 0.2685 538.01 0.5059 865.23 0.6570 851.39 0.8081 687,99
-0.7170 498.77 -0.9204 476.23 0.1255 611.03 0.2717 542.68 0.5081 875.91 0.6592 843.61 0.8103 686.57
-0.7200 490.54 -0,9234 495,85 0.1275 627,35 0,2749 535.78 0.5103 878.18 0.6614 847.80 0.8125 689,14
-0.7230 483.84 -0.9264 490,68 0.1294 597.06 0.2781 530.86 0.5125 877.02 0.6636 842.44 0.8147 681.48
-.0.7260 467.47 -0,9294 478,10 0.1313 589.62 0.2813 528.79 0.5147 883.06 0.6658 836.31 0.8169 679,74
-0,7290 474.59 -0.9324 476.49 0.1333 592.01 0.2845 535.44 0.5170 889.49 0.6681 829.59 0.8192 679.98
-0.7320 472.93 -0.9354 476.08 0.1352 589.14 0.2877 532.67 0.5192 901,70 0.6703 826.44 0.82i4 682,29
-0.7350 471.79 -0.9384 484,12 0.1371 586.42 0.2909 535.97 0.5214 906,92 0,6725 831.72 0.8236 680.40
-0.7380 468.20 -0,9414 496.39 0.1391 588.48 0.2941 532.46 0.5236 909.65 0.6747 827.24 0.8258 676.67
-0.7409 503.63 -0,9444 503.08 0.1410 590.63 0.2973 539.21 0.5259 914.62 0.6770 813.73 0.8281 680,16
-0.7439 503,35 -0.9474 501.26 0,1430 583.82 0.3[]05 542.95 0.5281 924,59 0,6792 810.71 0.8303 689.16
-0.7469 489.77 -0.9504 501.32 0.1449 573.87 0.3037 546.70 0.5303 929.51 0.6814 806.51 0.8325 678,78
-0.7499 486,53 -0.9533 504.58 0.1468 575.42 0.3069 576.65 0.5325 936.42 0.6836 812.18 0.8347 675.12
-0.7529 472.62 -0.9563 510.49 0.1488 572.83 0.3836 659,33 0.5347 939.15 0.6858 806.05 0.8369 667.25
-0.7559 467.63 -0.9593 516.09 0.1507 568.50 0.3859 658.43 0.5370 937,11 0.6881 802.86 0.8392 663.79
-0.7589 460.60 -0.9623 520.93 0,1526 567,79 0.3881 673.84 0,5392 941.42 0.6903 800.56 0.8414 667.44
-0.7619 468,34 -0.9653 521,92 0.1546 565.10 0.3903 674,01 0,5414 952,87 0,6925 797.02 0.8436 674.17
-0.7649 483.96 -0.9653 525.80 0.1565 561.88 0.3925 688.99 0.5436 951.98 0.6947 799.07 0.8458 675.57
-0,7679 465.84 -0.9713 535.40 0.1585 560.16 0.3947 704.60 0.5459 958.72 0.6970 791.35 0.8481 668.02
-0.7709 476.03 0.1604 560.17 0.3970 745.68 0.5481 981.76 0.6992 787.82 0.8503 665.81
-0.7739 492.10 0.1623 556.65 0.3992 726.63 0.5503 979.66 0.7014 788.92 0.8525 665,50
-0.7768 468.02 CASE D-Nu 0.1643 552.91 0.4014 711.45 0.5525 983.47 0.7036 785.14 0.8547 666.64
-0.7798 473.67 0.1662 552,28 0.4036 706.68 0.5547 987.56 0.7058 782.25 0.8569 665.83
-0.7828 471,82 X/$L Nu 0.1682 555.68 0,4059 698,34 0.5570 991.71 0.7081 775,78 0.8592 665.42
-0.7858 483.77 0.0383 1306.84 0.1701 555,23 0,4081 723.29 0.5592 990,88 0.7103 773.47 0.8614 666.37
-0.7888 470.48 0.0403 1251,89 0.1720 555.36 0,4103 741,83 0.5614 993.36 0.7125 779.29 0.8636 662.73
-0.7918 475.83 0,0422 1256.58 0.1740 554.40 0,4125 733,49 0.5636 989.55 0.7147 783.04 0,8658 665,63
-0.7948 479.20 0.0441 1228,63 0.1759 531,00 0,4147 724,58 0.5658 984.91 0.7170 777.98 0.8681 669,72
-0.7978 455.43 0.0461 1148.24 0.1778 549.88 0.4170 720.79 0.5681 991.43 0.7192 778.53 0.8703 670.01
-0.8008 460.93 0.0480 1146.04 0.1798 552.09 0.4192 712.62 0.5703 995.25 0.7214 769.51 0.8725 667.10
-0.8038 456.20 0.0499 1128.05 0.1817 550.64 0.4214 716.39 0.5725 997.36 0.7236 768.44 0.8747 664.70
-0.8068 458.20 0.0519 1071.05 0.1837 547,81 0.4236 722.58 0.5747 997.93 0.7258 764.36 0.8769 664.43
-0.8098 447.69 0,0538 1066.94 0,1856 548.88 0.4259 726.75 0.5770 991.56 0.7281 765.80 0,8792 668,18
-0.8127 469.23 0.0558 1033.13 0.1875 549.30 0.4281 722.58 0,5792 992,23 0.7303 764.03 0.8814 664,31
-0.8157 475.17 0,0577 996.38 0.1895 545,32 0.4303 725.56 0.5814 981.14 0.7325 762.68 0.8836 658,18
-0.8187 491.31 0,0596 977.93 0,1914 539.11 0.4325 723.11 0.5836 976.07 0.7347 754.47 0,8858 661.81
-0.8217 476,58 0.0616 932.18 0,1933 540.50 0.4347 729.63 0.5858 981.79 0.7370 755.66 0.8881 668.55
-0.8247 476.55 0.0635 915.44 0.1953 544.42 0.4370 727,23 0.5881 987.27 0.7392 754.04 0.8903 669.13
-0.8277 466.97 0.0654 895.47 0.1972 543.57 0.4392 736.45 0.5903 977.51 0.7414 749.89 0.8925 674,83
-0.8307 464.82 0.0674 870.29 0.1992 539.43 0.4414 742.03 0.5925 964.02 0.7436 747.56 0.8947 675.85
-0.8337 497.02 0.0693 854.19 0.2011 543.30 0.4436 748.98 0.5947 960,09 0.7458 741.60 0.8969 681.07
-0.8367 514.35 0.0713 847.67 0,2030 550.18 0.4459 750.82 0.5970 960.50 0,7481 741.15 0.8992 680.58
-0.8397 489.14 0.0732 815.52 0.2050 545.21 0.4481 755.22 0.5992 946.43 0.7503 743.0i 0.9014 680.95
-0.8427 486.88 0.0751 801.93 0.2069 539.85 0.4503 762.22 0.6014 940.42 0.7525 740.93 0.9036 684.89
-0.8457 479.46 0.0771 781.56 0.2088 534.66 0.4525 768.37 0.6036 944.25 0.7547 738.13 0.9058 689.46
-0.8486 498.40 0.0790 766.78 0.2108 532.44 0.4547 773.31 0.6058 939,11 0.7570 734.12 0.9081 689,89
-0.8516 474.68 0.0810 752,98 0.2127 537.95 0,4570 777.54 0,6081 928.53 0,7592 731.01 0.9103 692.78
-0,8546 472.63 0,0829 741.97 0.2147 536,96 0.4592 =780.35 0.6103 922,03 0.7614 731.61 0,9125 698.22
-0.8576 453.87 0.0848 734.75 0,2166 532.89 0.4614 788.40 0.6125 921.70 0.7636 728.96 0.9147 704.45
-0.8606 463.06 0.0868 723.77 0.2185 528.32 0,4636 790,35 0.6147 920.11 0.7658 725.35 0.9169 715.09
-0,8636 465,33 0.0887 714.63 0.2205 528.32 0.4659 790.54 0.6170 917.28 0.7681 721.41 0.9192 711.08
-0,8666 480.19 0.0906 707,89 0.2224 530.23 0,4681 797.96 0.6192 914,31 0.7703 723.69 0.9214 712.56
-0,8696 473.98 0.0926 701,18 0.2243 526.66 0.4703 801.74 0.6214 902.88 0.7725 710.92 0,9236 722.84
-0,8726 463.19 0.0945 692.31 0.2263 527.29 0,4725 804.54 0.6236 905.54 0,7747 709.14 0.9258 725.96
-0.8756 461.02 0.0965 683.42 0.2282 529.64 0.4747 806,53 0,6258 916.28 0.7770 706.06 0.9281 732.26
-0.8786 454,79 0.0984 676.65 0,2302 522.53 0,4770 817.24 0.6281 897.81 0.7792 707.11 0,9303 747.41
-0.8816 454,70 0.1003 669,41 0.2302 520.33 0.4792 826.65 0.6303 889.08 0.7814 707.12 0,9325 758.81
-0,8845 468.55 0.1023 661.38 0,2334 523.57 0.4814 828.04 0.6325 884.33 0.7836 704.67 0,9347 768.82
-0,8875 457,34 0.1042 653,41 0.2366 527.09 0.4836 836.12 0.6347 888.62 0.7858 702.90 0.9369 774.D6
-0,8905 458,85 0,1061 646.60 0.2398 528.00 0,4859 827.98 0.6370 886.20 0.7881 701.38 0,9392 778.26
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Appendix 7.2 - Data for Spanwise Avera_led Nusselt Number and Film Cooling Effectiveness

0.9414 794,15 -0,2422 490.79 -0.4418 499.64 .0.6452 500.12 .0.8486 476.75 0.0790 938.75 0.2108 538.30
0.9436 803,38 -0.2457 489,05 .0.4448 489.24 .0.6482 477.82 -0.8516 504.97 0.0810 917.18 0.2127 540.06
0.9458 822.51 -0.2492 488.95 -0,4478 469.35 -0,6512 468,15 -0.8546 476.30 0.0829 901.33 0.2147 539.31
0.9481 834,63 -0,2527 487.85 -0,4508 471.52 -0.6542 496.91 -0.8576 478.50 0,0848 890.97 0.2166 535,46
0.9503 854.67 -0,2563 487,31 -0.4538 482,50 -0.6572 485.68 -0.8606 469.89 0.0868 876.62 0,2185 5.30,01
0.9525 871.02 -0.2598 486.85 -0.4568 502,49 -0,6602 513.69 -0.8636 481.41 0.0887 863.06 0.2205 525,76
0.9547 883,74 -0,2633 486.04 -0.4597 554,36 -0.6632 493.33 -0.8666 474.55 0.0906 854.07 0.2224 525,73
0,9569 891.50 .0.2668 485,71 .0,4627 547.04 -0.6662 485.19 -0.8696 478.94 0.0926 842,99 0,2243 523.01
0.9592 893.98 -0.2704 486.64 -0.4657 575.44 .0,6692 488.36 -0.8726 491.01 0.0945 831.05 0,2263 521.31

-0.2739 486.68 -0.4687 591.05 -0,6721 498.50 -0.8756 488,80 0,0965 817.25 0.2282 520.69

X/PL NU -0.2774 487.80 -0,4717 526.53 -0.6751 478.87 -0.8786 472.17 0.0984 808,58 0.2302 516.42
.0.0011 1359.71 .0.2809 486.46 -0.4747 494.02 -0.6781 495.72 -0.8816 477.14 0.1003 799,85 0.2302 515.53
-0.0096 1336.19 -0,2844 486.20 -0.4777 476.93 -0.6811 464.70 -0.8845 479.02 0.1023 786.20 0.2334 515.14
-0.0182 1285.48 -0.2880 487.30 -0.4807 430,47 -0,6841 464.28 -0.8875 477.42 0.1042 775.36 0.2366 517.40
-0.0267 1261,49 -0,2915 484.37 -0.4837 464.18 -0.6871 476.63 -0.8905 483.57 0.1061 765,11 0.2398 518.49
-0,0353 1238,99 -0,2950 485.24 .0.4867 476.38 -0.6901 497.48 -0.8935 502.44 0.1081 752,55 0,2430 516.35
.0.0438 1118,78 .0.2985 486.28 -0.4897 489.69 -0,6931 516.16 .0.8965 520,47 0.1100 746.86 0,2461 515.87
-0.0524 923,80 -0,3021 487.22 -0.4927 470.79 -0,6961 491.20 -0.8995 530.02 0.1120 740.28 0.2493 516.63
-0.0609 757.29 -0.3056 486.88 -0.4956 492,23 -0.6991 500.98 -0.9025 495,53 0.1139 734.47 0.2525 515.26
-0.0695 663,88 -0.3091 488.95 -0.4986 510,15 -0.7021 506,71 -0.9055 498,37 0,1158 725.50 0.2557 517.73
-0,0730 597,28 -0,3126 488.83 -0.5016 513.10 -0.7051 547.61 -0,9085 500.33 0.1178 719.10 0.2589 523.10
-0,0766 550.79 -0.3162 487.56 -0.5046 524.16 -0.7080 541.25 -0.9115 502.58 0.1197 716.20 0.2621 551.77
-0.0801 530.09 -0.3197 487.96 -0.5076 518.99 -0,7110 518.99 -0,9145 507.15 0.1216 710.84 0.2653 537.00
-0.0836 519,13 -0.3232 488.22 -0.5106 514.16 -0,7140 530.37 -0,9174 505.59 0.1236 706.22 0.2685 527.74
-0.0871 509.49 -0.3267 488.07 -0,5136 507.35 -0.7170 523,66 -0.9204 508,99 0.1255 704.24 0.2717 526,85
-0.0906 501,71 -0.3303 486,68 -0.5166 483,86 -0,7200 516.07 -0.9234 514,69 0.1275 742.19 0.2749 527.24
-0.0942 499,10 -0.3338 486.35 -0.5196 469.07 -0.7230 522.17 -0.9264 520.08 0.1294 767.62 0.2781 522.89
-0.0977 493.07 -0.3373 484,92 -0.5226 454,31 .0.7260 545.32 .0,9294 533.30 0.1313 695.43 0.2813 525.38
-0.1012 489.41 .0.3636 486,78 -0.5256 492,71 .0,7290 531.93 .0.9324 533.85 0.1333 670.52 0.2845 527.69
-0.1047 489.25 .0.3655 521.12 -0.5286 464.16 -0.7320 473.68 -0,9354 524.45 0.1352 665.42 0.2877 524.92
-0.1083 488,98 -0,3690 517.41 -0,5315 469,17 .0.7350 470.06 -0,9384 526.61 0.1371 664.99 0.2909 526.03
.0.1118 486.69 -0.3725 515,39 -0.5345 497,00 -0.7380 472.58 -0.9414 532.19 0.1391 665.19 0,2941 523,47
-0.1153 484.06 -0.3761 514.65 -0.5375 480,07 -0.7409 489,40 -0.9444 540,27 0.1410 661.64 0.2973 514,64
-0.1188 485.81 -0.3796 513.44 -0,5405 503.13 -0.7439 469.06 -0,9474 545.57 0.1430 653.81 0.3005 505.73
-0.1224 486.43 -0.3831 512,73 -0.5435 482.91 -0.7469 462.78 -0,9504 550.48 0,1449 644.00 0.3037 509.25
.0.1259 487.08 -0.3866 510.50 -0,5465 512.64 -0.7499 484.17 -0,9533 549.67 0.1468 640.68 0.3069 524.23
-0.1294 486.81 -0.3902 509.73 -0.5495 526,09 -0.7529 489.75 -0,9563 560.24 0.1488 634.86 0.3836 673,84

-0.1329 485,53 -0.3937 506.31 -0.5525 513,70 -0.7559 480,42 -0.9593 568.34 0.1507 628.11 0,3859 689.21
-0.1365 484.64 -0.3972 506.48 -0,5555 511.77 -0.7589 520.26 -0.9623 578.98 0.1526 624.64 0,3881 696.95

.0.1400 502.10 -0.4007 505.13 -0.5585 522.87 -0.7619 477.40 -0,9653 585.43 0.1546 623,31 0.3903 711,45
-0.1435 482.99 -0.4043 505.15 -0.5615 536,84 -0.7649 474.22 -0,9683 589.99 0.1565 617.65 0.3925 737.92

-0,1470 483.19 .014078 503,56 -0.5645 531,22 -0.7679 495.20 -0.9713 597.79 0,1585 611,53 0.3947 713.64
-0.1505 483.89 -0.4113 503.32 -0,5674 517.33 -0.7709 453.79 0.1604 611,44 0.3970 703.37
-0.1541 484.29 -0.4148 502.76 -0.5704 476.35 -0.7739 461.11 0,1623 608.69 0.3992 739.63

-0.1576 483.82 -0,4183 501.74 -0.5734 474.31 -0.7768 492.19 CASEE-Nu 0.1643 601.43 0.4014 741.41
-0.1611 483,95 -0,4219 502.12 -0.5764 464.63 .0.7798 479.89 0,1662 597,80 0.4036 735.87
.0.16_J6 483.15 -0.4254 501.65 .0.5794 497.37 -0.7828 480.81 X/SL Nu 0.1682 597.58 0.4059 711.79
.0.1682 482.33 -0.4289 502.14 -0,5824 5.30,50 .0.7858 460.17 0.0383 1610.07 0.1701 596.85 0.4081 745.10
-0.1717 483,04 -0.4324 503.09 -0.5854 516,63 -0,7888 454.20 0.0403 1552.73 0.1720 593.41 0.4103 733.92
-0.1752 483,15 -0.4360 _ 502.10 -0.5884 484.67 -0.7918 456.26 0.0422 1578.41 0,1740 593.14 0.4125 733.59
-0.1787 484.45 .0.4395 511.69 -0.5914 519,18 .0.7948 471.67 0.0441 1511,89 0.1759 589.39 0.4147 721.90
-0.1823 484,77 -0.4430 500.56 -0.5944 570,35 -0.7978 486.52 0.0461 15i0,45 0,1778 585.00 0.4170 731.05
-0.1858 484,69 -0,4465 500.52 -0.5974 543.53 -0.8008 467.00 0.0480 1413.96 0.1798 582.76 0.4192 738.15
-0.1893 495.08 -0.3969 509.25 -0.6003 509.25 -0.8038 452.52 0.0499 1385.90 0.1817 583.94 0.4214 726,98
-0.1928 497.50 -0.3999 524.23 -0,6033 480.06 -0.8068 448.31 0.0519 1340.65 0.1837 579.90 0.4236 727.69
-0.1964 493.43 -0.4029 516,74 -0,6063 492.75 -0.8098 472,53 0.0538 1281.14 0,1856 575.16 0.4259 728.03
-0.1999 485.22 -0.4059 520.78 -0,6093 496,32 -0.8127 472.38 0,0558 1269.92 0,1875 576,23 0.4281 730.30
.0.2034 483.85 -0.4089 526.51 .0,6123 517,31 -0.8157 469.09 0.0577 1241.38 0.1895 571,57 0,4303 730.27
-0.2069 483,59 -0.4119 422.41 -0.6153 558.37 -0,8187 464.91 0,0596 1201.84 0.1914 565,43 0.4325 730.39
•0.2104 484,07 -0.4149 479.32 -0,6183 545.91 -0.8217 458.63 0,0616 1152.94 0,1933 560,76 0.4347 736.16
-0.2140 493.60 -0.4179 540,22 -0.6213 584.82 -0,8247 463.41 0.0635 1145.17 0.1953 564,08 0.4370 737.98
-0,2175 485.76 -0.4209 553.31 -0,6243 591.10 -0.8277 502.3i 0,0654 1101.77 0.1972 561.05 0.4392 740.14
•0,2210 485.93 -0.4238 511.95 -0,6273 515.63 -0,8307 498.16 0.0674 1071.19 0.1992 558.12 0.4414 745.58
-0.2245 486.14 -0.4268 501.68 -0,6303 513.67 -0.8337 455.50 0.0693 1053.35 0.2011 558.31 0.4436 753.69
-0.2281 497,86 '014298 470.70 -0.6333 485.44 -0,8367 470.63 0,0713 1044.68 0.2030 576,28 0.4459 755.87
-0,2316 499,17 -0.4328 557,42 -0.6362 498.29 -0,8397 475.41 0.0732 1002,67 0.2050 556.33 0.4481 757,40
-0.2351 488,82 -0.4358 576,51 -0.6392 524,16 -0.8427 462,30 0.0751 975,77 0.2069 545,14 0.4503 762,97
_.2386 488,31 -0.4388 573.44 -0.6422 534,28 -0,8457 474,29 0,0771 962,22 0.2088 541,10 0.4525 772.88
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.4547 777.26 0.6058 937.93 0.757"i3 761.08 0.9081 728.48 -0.2255- 490.92 -.0.4687 528.05 -0.672t 521.14
0.4570 777.03 0.6081 931.01 0.7592 755.93 0.9103 733.54 -0,2294 492.43 -0.4717 531.79 -0.6751 510.80
0.4592 783.87 0.6103 921.50 0.7614 750.31 0.9125 737.58 -0.2333 493.55 -0.4747 509.58 -0.6781 512.84
0.4614 786.78 0.6125 922.56 0.7636 748.77 0.9147 742.90 -0.2372 555.57 -0.4777 525.34 -0.6811 505.81
0.4636 793.05 0.6147 921.60 0.7658 748.88 0.9169 745.16 -0.2411 556,52 -0.4807 501,23 -0.6841 520.27
0.4659 792.48 0.6170 920.97 0.7681 744,19 0.9192 750.22 -0.2450 550,46 -0.4837 487.68 -0.6871 526.,56
0.4681 803.25 0.6192 918.76 0,7703 746.20 0.9214 753,18 -0.2489 492.05 -0,4867 495.53 -0.6901 514.27
0.4703 803.94 0.6214 912.73 0.7725 739.17 0.9236 755.18 -0.2528 493.22 -0.4897 498.20 -0.6931 524.05
0.4725 805.67 0.6236 918.58 0.7747 737.95 0.9255 761.83 -0.2566 494.75 --0.4927 474.38 -0.6961 522,19
0.4747 809,29 0.6258 914.11 0.7770 741.17 0.9281 768.05 -0.2605 496.17 -0.4956 470.68 -0.6991 506.02
0.4770 815.61 0.6281 907.09 0.7792 737.87 0.9303 778.27 -0.2644 500.76 -0.4986 490.78 -0,7021 511.33
0,4792 820.39 0.6303 903.34 0.7814 733.17 0.9325 784.69 -0,2683 498.23 -0.5016 462.31 -0.7051 520.13
0.4814 822,70 0.6325 901.91 0.7836 734.89 0.9347 794.59 -0.2722 494.82 -0,5046 465.65 -0.7080 566.67
0.4836 828.72 0.6347 901.09 0,7858 734.19 0.9369 804.01 -0.2761 496.84 -0.5076 491.48 -0.7110 530.51
0.4859 826.34 0,6370 898,52 0.7881 730.41 0.9392 813.46 -0.2800 577.59 -0.5106 484.94 -0.7140 506.69
0.4881 830.91 0.6392 883.03 0.7903 731.21 0.9414 820.10 -0.2838 579.69 .-0.5136 494.33 -0.7170 496.45
0.4903 841.60 0.6414 882.50 0.7925 727.74. 0.9436 833.47 -0.2877 500.35 -0.5166 488.14 -0.7200 508.0,5
0.4925 843.59 0.6436 889.11 0.7947 729.19 0.9458 851,98 -0.2916 500.42 -0.5196 504.35 -0.7230 505.81
0.4947 838.36 0,6458 880,79 0.7969 725.72 0.9481 864.77 -0.2955 500.28 -0.5226 483.47 -0.7260 509.12
0,4970 844.65 0.648! 871.06 0.7992 722.34 0.9503 871.77 -0.2994 504.87 -0.5256 494.93 -0.7290 531.32
0.4992 850.26 0.6503 876.64 0.8014 718.74 0.9525 878.18 -0.3033 504.74 -0.5286 501.41 -0.7320 515,74
0.5014 854.08 0.6525 878.82 0.8036 715,93 0,9547 889.83 -0,3072 505,60 -0.5315 492.69 -0.7350 509.43
0.5036 859.59 0.6547 868.47 0.8058 719.95 0.9569 898.12 -0.3111 503.04 -0.5345 513.51 -0.7380 544.69
0.5059 862.29 0.6570 868.15 0.8081 716.35 0.9592 903.94 -0.3149 501.27 -0.5375 501.87 -0.7409 531.07
0.5081 867.13 0.6592 864.01 0.8103 722.20 -0.3188 498.71 -0.5405 488.19 -0.7439 519.09
0.5103 873.01 0.6614 860.84 0.8125 719.55 X/PL Nu -0.3227 500.09 -0,5435 504,75 -0.7469 503.14
0.5125 873.21 0.6636 861.15 0.8147 716.32 -0.0104 1188.99 -0.3266 499.69 -0.5465 494.92 -0,7499 506.57
0.5147 878.58 0.6658 854,91 0.8169 711.72 -0.0167 1178.12 -0.3305 504.19 -0.5495 501.26 -0,7529 5i0.75
0,5170 883,47 0.6681 850.70 0,8192 710.08 -0.0231 1175.20 -0.3344 502.75 -0,5525 497,62 -0.7559 533.72
0.5192 888.99 0.6703 848.91 0,8214 715.97 -0,0294 1179.47 -0.3383 504.48 -0,5555 489.67 -0.7589 521,40
0.5214 893,79 0.6725 848,01 0.8236 709.62 -0,0358 1144.98 -0.3422 501.46 -0.5585 512.89 -0.7619 506.16
0.5236 898.02 0.6747 847.87 0,8258 703.69 -0.0422 1058,6i -0.3460 502.61 -0.5615 515.61 -0.7649 513.43
0.5259 902.88 0.6770 837.72 0.8281 707.27 -0.0485 1045.29 -0.3499 501.24 -0.5645 491.26 -0.7679 522.65
0.5281 900,28 0.6792 836.97 0.8303 715.17 -0.0549 1006,81 -0.3538 497,82 -0.5674 490.05 -0.7709 507.18
0.5303 911,58 0.6814 834,52 0.8325 717.72 -0.0612 889,49 -0.3577 499.15 -0.5704 504.66 -0.7739 490.22
0.5325 914.72 0,6836 836.45 0.8347 704.57 -0.0676 688,08 -0.3616 500.39 -0.5734 498.53 -0.7768 488.62
0.5347 916.42 0.6858 829.37 0.8369 698,33 -0.0740 557.75 -0.3655 499,10 -0.5764 493.84 -0.7798 491.69
0,5370 920,84 0.6881 829.84 0.8392 702,54 -0.0803 533.84 -0.3694 500.46 -0.5794 513.39 --0.7828 500.41
0.5392 929.42 0.6903 823.60 0.8414 705.13 -0.0867 $22.51 -0.3732 501.34 -0.5824 507.85 -0.7858 495.64
0.5414 936.97 0.6925 824.65 0.8436 708.82 -0.0930 515.16 -0,3771 505.50 -0.5854 530.75 -0.7888 489.58
0.5436 933.53 0.6947 820.62 0,8458 703,55 -0.0994 512,94 -0.3810 507.52 -0.5884 502.97 -0.79i8 493.96
0.5459 936.74 0,6970 814.83 0.8481 700.80 -0.1058 510.67 -0.3849 507.48 -0.$914 516.50 -0.7948 495.69
0.5481 951.08 0.6992 811.06 0.8503 699.17 -0.1121 508.19 -0.3888 509.56 -0.5944 529.39 -0.7978 500.51
0.5503 949,92 0.7014 809.11 0.8525 700.72 -0,1185 501.20 -0.3927 506.09 -0.5974 510.45 -0.8008 505.22
0.5525 951.63 0.7036 812.16 0.8547 700.75 -0.1248 492.42 -0.3966 507.35 -0.6003 518.57 -0,8038 509.99
0.5547 955.65 0.7058 808,25 0,8569 698,43 -0,1312 484.89 -0.4005 502,05 -0,6033 512.00 -0.8068 504.74
0.5570 956.42 0.7081 799,19 0,8592 694.86 -0.1376 483.69 -0.4043 502.26 -0.6063 509.02 -0.8098 5ii,23
0.5592 964.11 0.7103 798.88 0,8614 700.13 -0.1439 482,58 -0.4059 492.97 -0.6093 508.87 -0.8127 502.88
0.5614 968.23 0.7125 800,86 0,8636 698.70 -0.1478 481.54 -0.4089 483.28 -0.6123 506.70 -0.8157 496.71
0.5636 962.52 0,7147 802.04 0,8658 697,64 -0.15i7 481.51 -0.4119 478.75 -0.6153 516.98 -0.8187 485.89
0.5658 965.17 0.7170 799.45 0,8681 694.88 -0.1556 482.39 -0.4149 457.22 -0.6183 493.86 -0.8217 486.58
0.5681 969.86 0.7192 794.62 0,8703 700.64 -0.1595 482.90 -0.4179 496.71 -0.6213 491.70 -0.8247 484.26
0.5703 973.26 0.7214 786.67 0.8725 701.03 -0.1634 484.82 -0.4209 555,71 -0.6243 500.30 -0.8277 485.17
0.5725 970.62 0.7236 788.13 0.8747 698,64 :0, i672 486,72 -0.4238 542,93 -0,6273 530.36 -0.8307 485.88
0.5747 966.78 0.7258 789.12 0.8769 700.83 -0.1711 485,21 -0.4268 546,33 -0.6303 518.19 -0,8337 503,68
0.5770 969.90 0.7281 787.36 0.8792 701,97 -0,1750 483.14 -0.4298 575.08 -0,6333 543.72 -0.8367 508.10
0.5792 964.79 0.7303 783,52 0.8814 700,14 -0.1789 481.24 -0,4328 518.54 -0.6362 550.04 -0.8397 507.10
0.5814 961.31 0.7325 777.59 0.8836 701.98 -0,1828 480,79 -0,4358 538.53 -0.6392 514.63 -0.8427 490.67
0.5836,959,14 0.7347 781.34 0.8858 701,84 -0.1867 481.65 -0,4388 513.24 -0,6422 522.94 -0.8457 509.25
0,5858 956.94 0.7370 776.73 0.8881 703.80 -0.1906 482.6i -0.4418 463,40 -0.6452 546.17 -0.8486 513.55
0.5881 955,28 0.7392 774.21 0,8903 710.10 -0.1944 482.45 -0.4448 454.65 -0,6482 567.97 -0.8516 508.29
0.5903 953.16 0.7414 772.84 0.8925 709.88 -0.1983 484.38 -0.4478 461.74 -0.6512 548,02 -0.8546 514.46
0.5925 949,12 0.7436 772.78 0,8947 708,87 -0.2022 487.54 -0.4508 463,08 -0.6542 547.36 -0.8576 509.99
0.5947 943.47 0,7458 768.98 0,8969 715.95 -0.2061 489.03 -0.4538 498,02 -0.6572 537.40 -0.8606 495.54
0.5970 942,94 0.7481 762.86 0.8992 719.51 -0.2100 487,12 -0.4568 504.06 -0.6602 560.98 -0.8636 495.74
0.5992 937.88 0,7503 763.07 0,9014 719,47 -0.2139 487.08 -0,4597 548.39 -0.6632 544.93 -0.8666 492,02
0.6014 930.42 0.7525 762.87 0,9036 724.62 -0.2178 487.00 -0.4627 548.10 -0.6662 505,36 -0.8696 495.45
0,6036 936.25 0.7547 761.91 0,9058 729,25 -0,2217 488.83 -0.4657 553.99 -0,6692 514.97 -0.8726 492.35
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.8756 494.33 0.1071 680.63 0.2302 545.21 0.4903 842.46 0.6414 888.72 0.7925 696.30 0.9436 973.04
-0.8786 501.62 0.1089 670.10 0.2334 547.06 0,4925 846.63 0,6436 886.74 0.7947 698,10 0.9458 981.78
-0.8816 510.04 0.1107 661,86 0.2366 549.05 0.4947 849.93 0,6458 878.08 0.7969 702.34 0,9481 998.55
-0.8845 504.82 0.1125 659.48 0.2398 547.10 0.4970 853.94 0.6481 872.16 0.7992 702.54 0.9503 1034.46
-0.8875 507.69 0.1143 651.80 0.2430 546.24 0.4992 860.53 0.6503 869.61 0.8014 697,93 0.9525 1064,04
-0.8905 498.18 0.1161 644,49 0.2461 542.51 0.5014 864.96 0.6525 865.18 0.8036 695.09 0.9547 1084.93
-0.8935 500.65 0.1178 640.15 0.2493 542.76 0.5036 872.47 0.6547 861.73 0.8058 693.85 0.9559 1114,71
-0.8965 501.26 0.1196 641.39 0.2525 544.81 0.5059 876.79 0.6570 854.70 0.8081 701.47 0.9592 1113.50
-0.8995 504.31 0.1214 639.38 0.2557 546,06 0.5081 880.83 0.6592 851.30 0.8103 701.92
-0.9025 503.62 0.1232 637.63 0.2589 548.84 0.5103 886.77 0.6614 853.27 0.8125 699.98 X/PL Nu
-0.9055 501.04 0.1250 633.04 0.2621 549.24 0.5125 890.79 0.6636 850.46 0.8147 696.62 -0.0223 1495.50
-0.9085 504.54 0.1268 629.46 0.2653 548.24 0.5147 896.14 0.6658 844.49 0,8169 694.81 ..0.0308 1393.78
-0.9115 510.54 0.1285 630.85 0.2685 545,09 0.5170 902.73 0.6681 838.64 0.8192 698.92 -0.0394 1181.95
-0.9145 5]0.95 0.1303 626.81 0.27i7 542.54 0.5192 908.51 0.6703 834.02 0.8214 697.06 -0.0479 967.37
-0.9174 510.98 0.1321 621.38 0.2749 542.18 0.5214 915.45 0.6725 834.80 0.8236 696.69 -0.0565 872.88
-0.9204 511.96 0.1339 612.17 0.2781 540.18 0.5236 919.43 0.6747 827.94 0.8258 694.00 -0.0651 791.89
-0.9234 515.97 0.1357 610.75 0.2813 541.38 0.5259 918.87 0.6770 821.81 0.8281 689.99 -0.0736 724.73
-0.9264 524.57 0.1375 616.50 0.2845 539,26 0.5281 932.53 0.6792 821.47 0.8303 692.45 --0.0822 659.55
-0.9294 523.97 0.1392 626.58 0.2877 538.52 0.5303 936.42 0.6814 816.57 0.8325 701.21 -0.0907 655.98
..0.9324 526.64 0.1410 636.67 0.2909 540.74 0.5325 938.75 0.6836 812.18 0.8347 699.70 -0.0993 654.15
-0.9354 534.16 0.1428 617.02 0.3836 675.63 0.5347 946,04 0.6858 808.13 0.8369 695.93 -0.1028 521.70
-0.9384 535,36 0.1446 629.21 0.3859 680.05 0.5370 956.23 0.6881 803.52 0.8392 695.11 -0.1063 521.34
-0.9414 535.58 0.1464 607.51 0.3881 681.43 0.5392 958,06 0,6903 802.04 0.8414 698.56 -0,1098 581.95
-0.9444 542.38 0.1482 600.73 0.3903 684,42 0.5414 962.10 0.6925 795.81 0.8436 700.24 -0.1134 513.82
-0.9474 545.28 0.1499 620.77 0.3925 690.86 0.5436 966.74 0.6947 795.03 0.8458 701.73 -0.1169 565.95
-0,9504 550.72 0.1553 594.77 0.3947 695.65 0.5459 963.73 0.6970 790.91 0.8481 703.81 -0.1204 482.80
-0.9533 553.87 0.1571 591.4i 0.3970 699.46 0.5481 970.96 0.6992 790,22 0.8503 708,42 -0.1239 482.43
-0.9563 557.20 0.1589 589.01 0.3992 700.19 0.5503 980.89 0.7014 785.88 0,8525 711.33 -0.1275 499.07

-0.9593 564.08 0.1606 586.29 0.4014 704.07 0,5525 979.13 0,7036 785.03 0.8547 709.23 -0.1310 483.06
-0,9623 569.65 0.1624 583.97 0.4036 708.52 0.5547 978.76 0,7058 780.86 0.8569 713.76 -0.1345 490.59
-0,9653 572,27 0.1642 584.20 0.4059 711,53 0.5570 976.28 0.7081 773.54 0.8592 714.26 -0.1380 491.71
-0.9683 582.09 0,1660 585.13 0.4081 713.56 0.5592 980.98 0.7103 773.93 0.8614 715,72 -0.14i6 484.91
-0.9713 585.32 0.1678 581.09 0.4103 717,72 0.5614 982.88 0,7125 773.35 0,8636 716.96 -0.1451 486.91

0.1695 579,28 0.4125 718,36 0.5636 979.49 0.7147 769.65 0,8658 721.59 -0.1486 488.34
0.1713 576,53 0.4147 720.38 0.5658 980.70 0,7170 766,68 0,8681 7'29.84 -0.1521 490.40

CASE F-N u 0.1731 579.95 0.4170 721.83 0.5681 976.36 0.7192 767.97 0.8703 731,21 -0.1556 499.32

0.1749 582.60 0.4192 723.52 0.5703 977.69 0.7214 767.36 0.8725 729.88 -0.1592 499.51
X/S1. Nu 0.1767 577.70 0,4214 722.51 0.5725 970,00 0.7236 755,40 0.8747 734,78 -0.1627 496.81

0.0537 1352.18 0.1785 577.05 0,4236 726,11 0.5747 974.12 0.7258 756,29 0.8769 741.79 -0.1662 487,74
0,0554 1392.65 0.1802 576.45 0.4259 733.15 0,5770 975,44 0.7281 752,49 0.8792 750,53 -0.1697 493.59
0.0572 1379.50 0.1820 578.24 0.4281 740.04 0,5792 964.94 0,7303 747.69 0.8814 747.82 -0.1733 495,32
0,0890 1269.61 0.1838 577.46 0,4303 742.24 0.5814 960,33 0.7325 743.95 0.8836 752.56 -0.1768 494.73
0,0608 1088.33 0.1856 577.56 0,4325 745.58 0.5836 958.29 0.7347 737.63 0.8858 757,72 -0,1803 496,46
0.0626 1089,08 0.1874 577.23 0.4347 752,25 0.5858 952.23 0,7370 741.65 0,8881 764.50 -0.1838 495.51
0.0644 1014.44 0.1892 574.19 0,4370 756.16 0.5881 945,32 0,7392 741.24 0,8903 763.45 -0.1874 494.34
0.0661 1006.87 0.1909 575.41 0.4392 760.79 0.5903 944,26 0,7414 737.03 0.8925 768.21 -0.1909 492.40
0.0679 976.94 0.1927 576,81 0.4414 765.36 0.5925 94i.41 0.7436 733.60 0.8947 774.02 -0.1944 512.82
0.0697 962.99 0.1945 580.22 0.4436 770.23 0.5947 940.06 0.7458 732.31 0.8969 778.27 -0.1979 494.70
0.0715 927.75 0.1963 581.06 0.4459 772.09 0.5970 937.16 0.7481 731.09 0.8992 789.39 -0,2015 505.63
0.0733 898.07 0.1981 577.85 0.4481 775.58 0.5992 937.92 0.7503 729.02 0.9014 797.34 -0.2050 504.19
0.0751 883.33 0.1999 575.60 0.4503 780.52 0,6014 935.51 0.7525 723.54 0.9036 804.74 -0.2085 507.26
0.0768 862.66 0.20i6 569.86 0.4525 782.08 0.6036 93i.78 0.7547 720.26 0.9058 809.05 -0.2120 503.94
0.0786 842.92 0.2034 569.20 0.4547 783.74 0.6058 929.17 0.7570 722.24 0.9081 812.99 -0.2155 507.65

0.0804 822.16 0.2052 568.83 0.4570 786.88 0.6081 928,52 0.7592 721.53 0.9103 821.19 -0.219t 501.85
0.0822 812.47 0.2070 570.20 0.4592 788.81 0.6103 926.09 0.7614 718.46 0.9125 831.13 -0.2226 504.42
0.0840 800.00 0.2088 569.60 0.4614 793.33 0.6125 924.28 0.7636 711.54 0.9147 840.50 -0.2261 497.08
0.0858 787.34 0,2106 568,43 0.4636 797.96 0.6147 925,45 0.7658 712.44 0.9169 841.96 -0.2296 509.91
0.0875 773.68 0.2123 565.57 0.4659 799.26 0.6170 922.60 0.7681 709.41 0.9192 850.97 ..0.2332 501.06
0.0893 758.71 0,214i 562.44 0.4681 802.12 0.6192 9i8.09 0.7703 709,45 0.9214 858.74 -0.2367 516.45
0.0911 748,38 0,2159 561.80 0.4703 809.71 0.6214 918.46 0.7725 705.08 0.9236 867.57 -0.2402 502.82
0.0929 738,54 0.2177 559.83 0.4725 812,27 0.6236 912,10 0.7747 709.52 0.9258 886.86 -0.2437 506.93
0.0947 728.76 0.2195 557.34 0.4747 815.49 0.6258 906,71 0.7770 707.72 0.9281 898.66 -0.2473 507.97
0.0965 721.13 0.2212 557.38 0.4770 819.07 0.6281 904.82 0.7792 706.28 0.9303 912.94 -0.2508 508.30
0.0982 714.03 0.2230 558.18 0.4792 821,80 0.6303 908.02 0.7814 703.93 0.9325 919.64 -0.2543 511.46
0.1000 706.38 0.2248 556.16 0,4814 826.53 0.6325 907.13 0.7836 703,27 0.9347 921.90 -0.2578 512.59
0.1018 692.71 0.2266 554.16 0.4836 828.73 0.6347 897.70 0.7858 707,43 0.9369 933.39 -0.2614 507.71
0.1036 688.06 0.2284 553.66 0.4859 833.96 0.6370 899.08 0.7881 702.90 0,9392 949.90 -0.2649 503.32
0.10,.54 684. i8 0.2302 550.16 0.4881 837.5,5 0.6392 897.10 0.7903 698.10 0.9414 957.96 -0.2684 510.51
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.2719 499.51 .0,4986 455.07 .0.7021 487.96 .0.9055 533.75 0.1168 629.30 0.4125 430.55 0.5636 379.87
.0.2755 497.56 .0.5016 449.30 -0.7051 497.13 -0,9085 540.65 0.1193 635.64 0.4147 428.88 0.5658 378.49
-0.2790 499.02 -0,5046 451.51 -0.7080 483,30 -0.9115 543.40 0.1218 641.40 0.4170 424.88 0.5681 378.38
-0.2825 499.60 -0.5076 453,71 -0.7110 497.13 -0.9145 551.49 0.1244 623.64 0.4192 420.90 0.5703 377.73
-0.2860 499.58 -0.5106 457.66 -0,7140 483,75 -0.9174 554.60 0.1269 607.i8 0.4214 416.69 0.5725 377.11
-0.2895 498,38 -0,5136 482.08 -0,7170 482.87 .0.9204 562.86 0,1294 619.60 0.4236 413.31 0.5747 375.90
-0.2931 499,84 -0.5166 478.54 -0.7200 516,81 -0.9234 570.22 0,1319 600.07 0.4259 410.31 0,5770 380.67
-0.2966 497.92 .0.5196 481.17 -0.7230 474,82 -0.9264 574.72 0,1344 595.72 0.4281 407.42 0.5792 378,43
.0.3001 506.69 .0.5226 475.59 .0.7260 484,03 .0.9294 580,25 0.1370 617.58 0,4303 404.64 0.5814 379.12
-0.3036 496.96 -0.5256 501.54 -0.7290 477,16 -0.9324 600.67 0.1395 626.59 0.4325 401.47 0.5836 377.00
-0,3072 496,37 -0.5286 484.84 -0.7320 480,10 -0.9354 607.44 0.1420 666.68 0.4347 399.77 0.5858 381.93
-0.3107 494.47 -0.5315 479.09 -0.7350 490,61 -0,9384 617.18 0.1445 677.22 0.4370 398.65 0.5881 382,35
-0.3142 494.64 .0.5345 482.96 -0.7380 489,65 -0.9414 613.51 0.1470 632,94 0.4392 396,59 0.5903 383.25
-0,3177 494.33 -0.5375 478.45 -0.7409 488.39 -0.9444 620.57 0.1495 632.62 0.4414 396.23 0.5925 381,80
-0.3213 493.81 -0.5405 481.95 -0.7439 497.36 -0.9474 628.57 0.1521 591.12 0,4436 395,72 0,5947 382.71
-0.3248 494.89 -0,5435 465.83 -0,7469 495.82 -0.9504 639.03 0. i546 631.39 0,4459 395.13 0.5970 386,03
-0.3283 495.68 -0.5465 479.67 -0,7499 467.34 -0.9533 649.99 0,1571 628.25 0.4481 393,40 0.5992 397.71
-0,3318 494.72 .0.5495 490.47 .0,7529 466.68 -0.9563 662.28 0.1596 611.52 0.4503 391.98 0.6014 387.53
-0.3354 492.95 -0.5525 491.80 -0.7559 465.99 -0.9593 666.08 0.1621 572.50 0.4525 390.28 0.6036 396,32
-0.3389 491.29 -0.5555 495.76 -0,7589 477,64 -0.9623 679.63 0.1647 597.35 0.4547 389.09 0.6058 394.62
-0.3424 489.22 -0.5585 517.37 -0.7619 474.89 -0.9653 688.56 0.1672 591.38 0.4570 387.94 0.6081 403.18
-0,3459 487.65 -0,5615 502.14 -0.7649 475.06 -0.9683 706.12 0.1697 59(].13 0.4592 387.09 0.6103 398,91
-0.3494 486.60 -0.5645 514,57 -0.7679 463.43 -0.9713 727.45 0.1722 566.10 0.4614 385,84 0.6125 400.26
-0.3530 487.19 -0.5674 520,47 -0.7709 465.86 0.1747 571.37 0.4636 385.84 0.6147 407.31
-0.3565 488.56 -0.5704 557.06 -0.7739 464.62 0.1773 566.46 0.4659 383.77 0.6170 419.02
-0.3600 489.56 .0.5734 561.37 .0.7768 486.14 _ 0.1798 562.50 0.4681 381.39 0.6192 414.63
-0.3635 488.87 -0.5764 522.23 -0.7798 470.69 0.1823 559,96 0.4703 381.15 0.6214 416.87
-0.3671 488.95 -0.5794 493.42 -0.7828 462.01 X/SL Nu 0.1848 560,10 0,4725 381.80 0.6236 427.06
.0.3706 488.59 -0.5824 501.25 -0.7858 474.46 0.0186 1359.57 0.1873 561.42 0.4747 381.82 0.6258 431.04
-0.3741 487.42 -0.5854 501.89 -0.7888 461.15 0.0186 1360.64 0.1899 561.91 0.4770 378.57 0.6281 429.01
-0.3776 488.39 -0,5884 488.66 -0,7918 461.00 0.0211 1363.24 0.1924 558.60 0.4792 376.53 0.6303 430.49
-0.3812 489.06 -0.5914 491.36 -0.7948 463,11 0.0236 1366.27 0.1949 5.54.57 0.4814 374.62 0.6325 446.76
-0.3847 489.60 -0.5944 484.19 -0,7978 471.03 0.0261 1369.30 0.1974 554.94 0.4836 373.17 0.6347 451.04
-0.3882 489.42 -0,5974 491.13 -0.8008 464,31 0.0286 1366.56 0.1999 552.50 0.4859 371.91 0.6370 449.18
-0.3917 486.26 -0.6003 495.17 -0.8038 464.51 0.0311 1341.79 0.2025 552.07 0,4881 369.64 0.6392 452.78
.0.3953 484.64 -0.6033 485.39 -0.8068 463,58 0.0337 1295.55 0.2050 553.02 0.4903 367.29 0.6414 460.64
-0.3988 484.67 -0.6063 481.20 .0.8098 464,88 0.0362 1231,13 0.2075 556.55 0.4925 365.39 0.6436 470.18
-0.4023 505.82 .0.6093 497.55 .0.8127 466.26 0.0387 1179.64 0.2100 551.79 0.4947 363.72 0.6458 479.90
.0.4058 484.24 .0.6123 512.68 -0.8157 466.83 0.0412 1141,32 0.2125 549.16 0.4970 361.35 0.6481 480,83
.0.4094 482.52 -0.6153 498.94 -0.8187 466.70 0.0437 1085.60 0.2150 546,95 0.4992 361.85 0.6503 488.25
-0.4129 483,61 -0.6183 503.41 -0.8217 469.94 0.0463 1032.64 0.2176 545.23 0.5014 360,02 0.6525 498.70
-0.4164 482.68 -0.6213 497.15 -0.8247 466.29 0.0488 991.57 0.2201 539.92 0.5036 356,75 0.6547 512.49
-0.4199 483.16 -0.6243 492.80 -0.8277 466.32 0.0513 953.85 0.2226 538.47 0.5059 356,40 0.6570 513.36
-0.4234 481.26 -0.6273 499.47 -0.8307 467.95 0.0538 925.83 0.2251 538.00 0.5081 356.20 0.6592 524.62
•-0.4270 480.25 -0.6303 509.17 -0.8337 471.27 0.0563 901.45 0.2276 537.11 0.5103 356.46 0.6614 534.22
-0.4305 479.82 -0.6333 517.89 -0.8367 472.53 0.0589 875.60 0.2302 537.21 0.5125 356.47 0.6636 542.93
-0.4340 479.18 -0.6362 515.54 -0.8397 476.68 0.0514 850.50 0.2302 535.08 0.5147 356.21 0.6658 549.98
-0.4375 497.68 -0.6392 496.80 -0,8427 471.68 0.0639 827.79 0.2334 532.36 0.5170 354.60 0.6681 561.41
-0.4411 497.38 -0.6422 486.01 -0,8457 473.14 0.0564 813.78 0.2366 531.72 0.5192 355.07 0.6703 566.93
-0.4446 498.69 -0.6452 482.75 -0.8486 476.16 0.0689 798.79 0.2398 531.98 0.5214 356.63 0.6725 581.70
-0.4481 514.35 -0.6482 500.07 43.8516 477.69 0.0715 780.85 0.2430 532.06 0.5236 357.90 0.6747 594,52
-0.4516 475.42 -0.65t2 504.39 -0.8546 476.60 0.0740 761.18 0.2461 529.43 0.5259 356,94 0.6770 597.79
-0.4552 476.00 .0.6542 513.83 -0.8576 479.42 0.0768 746.68 0.2743 501.76 0.5281 356.79 0.6792 604.02
-0.4587 475.39 .0.6572 531.87 -0.8606 481,32 0.0790 730.96 0.3037 464.55 0.5303 359.83 0.6814 615.73
-0.4622 475.17 -0.6602 514.16 -0.8636 482.56 0.0815 725.07 0,3069 459.20 0.5325 360.28 0.6836 637,73
-0.4657 476.44 -0.6632 506.54 -0.8666 489,42 0.0841 720.71 0.3836 454.32 0.5347 361.60 0.6858 648.26
.0.4693 478.27 .0.6662 489.62 .0.8696 489.17 0.0866 713.74 0.3859 451.12 0.5370 362.60 0.6881 648.80
.0.4728 478.87 .0.6592 487.79 .0.8726 490.34 0.0891 703,36 0,3881 448.96 0.53(72 364.03 0.6903 656.22
-0.4763 477,56 .0.6721 482.86 -0.8756 492.21 0.0916 697,68 0.3903 446,27 0.5414 366.35 0.6925 675.07
-0.4717 465.35 -0.6751 498,44 -0,8786 495,68 0.0941 695.36 0.3925 443.26 0.5436 369,62 0.6947 681.85
-0.4747 468.83 -0.6781 529.16 -0.88!6 498.59 0.0966 685.34 0.3947 441.81 0.5459 370.93 0.6970 685.33
-0,4777 476,40 -0.6811 486.96 -0.8845 499.75 0.0992 676.39 0.3970 440.91 0.5481 369.50 0.6992 694.98
-0.4807 465.11 -0.6841 483.60 -0,8875 506.69 0.101_7 673.14 0.3992 439.72 0.5503 372.24 0.7014 713.42
.0.4837 457.31 -0.6871 480.77 .0.8905 511.78 0.1042 676.95 0.4014 437.72 0.5525 374.39 0.7036 717.60
-0.4867 477.87 -0.6901 478.98 -0.8935 518,51 0.1067 652.11 0.4036 437.47 0.5547 376.34 0.7058 727,22
-0.4897 463.18 .0.6931 480.57 -0.8965 519.84 0.1092 653.67 0.4059 436.72 0.5570 375.01 0.7081 742.67
-0.4927 464.10 -0.6961 483.09 .0.8995 523,82 0.1118 658.90 0.4081 436.12 0.5592 375.54 0.7103 753.79
.0.4956 459.10 -0.6991 483.78 .0.9025 528.96 0.1143 633.93 0.4103 433.51 0.5614 382.06 0.7125 762.14
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.7147 770.69 0.8658 785.84 -0,1617 289,21 -0.4298 412.88 -0,6333 438.06 -0.8367 435.44 0.0577 1108,67
0.7170 782.38 0.8681 782.05 -0.1681 297.83 -0.4328 404.47 -0.6362 420.96 -0.8397 443.05 0.0596 1075.21
0,7192 790.29 0.8703 793.20 -0,1744 329.79 -0.4358 400,18 -0.6392 427.23 -0.8427 441.29 0.0616 1039.60
0.7214 800.10 0.8725 790,20 -0,1808 333,11 .0.4388 399.25 -0,6422 422.43 -0.8457 442.34 0.0635 1024.35
0.7236 797.07 0.8747 785.98 -0,1872 337.67 -0.4418 410.69 -0.6452 421.15 .0,8486 451.75 0.0654 1000.32
0.7258 798.12 0.8769 781,12 .0.1935 372.83 .0.4448 421.85 -0.6482 422.52 -0.8516 447.75 0.0674 975.90
0.7281 813.97 0.8792 785.57 -0,1974 342.13 -0,4478 406.18 .0,6512 424,74 .0.8546 441,62 0.0693 955.02
0.7303 820.44 0.8814 795.69 -0.2013 380.07 -0.4508 400,47 .0,6542 424.45 -0.8576 442.53 0.0713 935.04
0.7325 816.31 0.8836 792,84 -0.2052 417.81 -0.4538 399.62 .0.6572 427.59 -0.8606 443.30 0,0732 917.72
0.7347 817,97 0.8858 791.59 -0.2091 496.00 -0,4568 393.34 -0.6602 444.80 .0.8636 444.46 0.0751 899.08
0,7370 830,47 0,8881 792,34 .0,2130 440.23 -0.4597 394.03 -0,6632 446.37 -0.8666 446.59 0.0771 874.81
0.7392 836,45 0.8903 791,07 .0.2168 427.80 -0.4627 396,74 -0.6662 452.43 -0.8696 451.05 0.0790 857,61
0.7414 838.83 0.8925 787,77 -0.2207 463.44 -0,4657 394,36 -0,6692 439.34 -0.8726 452.59 0.0810 844.78
0.7436 837.21 0,8947 807.66 -0.2246 487.70 -0.4687 396,37 -0.6721 430,35 -0.8756 451.39 0.0829 824.26
0.7458 839,10 0.8969 793.24 -0.2285 468.98 -0.4717 402.04 .0.6751 432.76 -0.8786 451,94 0.0848 808.31
0.7481 846.99 0.8992 792.56 -0.2324 449,13 -0.4747 396.92 .0,6781 442.76 -0.8816 453,08 0,0868 796,50
0.7503 848,83 0,9014 798.95 -0.2363 497.53 -0.4777 397.54 -0.6811 456.58 -0.8845 454,00 0.0887 788,97
0.7525 847.33 0.9036 823.26 -0.2402 483,96 -0.4807 412.55 -0.6841 437.04 -.0.8875 457.84 0.0906 775,80
0.7547 847.32 0.9058 820.82 -0.2441 499.20 -0.4837 412.15 -0.6871 432.08 -0.8905 460.74 0.0926 763.14
0.7570 847.29 0.9081 810,72 ..0.2479 453.19 .0,4867 404,48 -0.6901 432.83 -0.8935 462.51 0.0945 756,07
0.7592 853,54 0.9103 811,71 .0,2518 428.10 -0,4897 403.59 .0.6931 434,47 .0.8965 464.21 0,0965 748.16
0.7614 858.93 0.9125 815.84 .0.2557 416,14 -0.4927 402,11 -0,6961 427.55 -0,8995 481.68 0.0984 738.95
0.7636 851.25 0.9147 816,13 .0.2596 450.54 -0.4956 395.82 -0.6991 435,25 -0.9025 539,55 0.1003 733,49
0.7658 851.88 0.9169 821.08 -0.2635 418.86 .0.4986 404.25 -0.7021 434.80 -0.9055 525.79 0.1023 725.83
0.7681 858,10 0.9192 824.99 -.0.2674 419,10 .0.5016 402.46 .0.7051 429.19 .0.9085 529.95 0,1042 714.04
0.7703 858.89 0.9214 832,91 -0.2713 431,56 -0.5046 408.63 -0.7080 426.55 -0,9115 485.83 0.1061 710.87
0.7725 852,35 0,9236 835.97 -0.2752 419.88 .0.5076 399.92 -0.7110 432.71 -0.9145 492.76 0.1081 703.32
0.7747 847.35 0.9258 845.19 -0,2790 419.86 -0,5106 406,69 -0.7140 435.03 -0,9174 498.77 0.1100 695.67
0.7770 844.05 0.9281 845.20 -0.2829 471,31 -0.5136 398.80 -0.7170 431.84 -0.9204 499,39 0.1120 684,99
0.7792 854.06 0.9303 849.41 .0.2868 448.00 -0.5166 399,81 -0.7200 431.59 -0.9234 507,51 0.1139 679.47
0.7814 850,52 0,9325 856.19 -0.2907 420.90 -0.5196 401,78 -0,7230 429,91 -0.9264 5i3.61 0.1158 675.30
0.7836 848,26 0.9347 863.24 .0.2946 420.48 ..0.5226 402.28 -0,7260 428,42 -0.9294 519.34 0.1178 672,57
0.7858 544.57 0.9,369 868.79 .0.298.5 :430.17 -0.5256 402.35 -0.72()0 ,429.89 -0.9324 524.91 0,1197 667,05
0.7881 840,46 0.9392 873.70 .0.3024 427.83 -0.5286 406.73 -0.7320 428,89 -0.9354 534.32 0.1216 652,63
0.7903 840.09 0.9414 880,92 -0.3062 427.81 -0.5315 401.20 -0.7350 428.66 -0.9384 540.98 0.1236 663.47
0.7925 838.15 0.9436 881,42 -0.3101 424.32 -0.5345 403.01 -0.7380 427.47 -0.9414 549.17 0.1255 660.28
0.7947 839.77 0.9458 888.11 -0,3140 420.94 -0.5375 403,51 -0.7409 415.61 -0.9444 556,20 0.1275 659.45
0.7969 838,58 0,9481 901,20 -0.3179 421.51 -0.5405 402,69 -0.7439 410.34 -0.9474 564.00 0.1294 655,48
0.7992 831.95 0.9503 914.53 -0.3218 419.81 -0.5435 410.70 -0.7469 420,22 -0.9504 569.81 0,1313 651.18
0.8014 834.64 0.9525 932,38 -0,3257 451.84 -0.5465 403.39 -0.7499 418,95 -0.9533 576,82 0,1333 649.47
0.8036 841,60 0.9547 952.30 -0.3296 418.66 -0.5495 412.10 -0.7529 412.35 -0,9563 584,97 0.1352 644.26
0.8058 843.13 -0.3335 417,54 -0.5525 434.15 -0,7559 412.54 -0.9593 593.55 0,1371 639.80
0.8081 835.53 X/PL Nu -0.3373 416.91 -0.5555 439.25 -0.7589 401.40 -0.9623 634.21 0.1391 635,25
0.8103 831,80 .0.0027 1363,00 -0.3412 416,71 -0.5585 413.78 -0,7619 422.82 -0.9653 641.88 0.1410 632.60
0.8125 830.43 -0.0091 1279.25 -0.3451 416.79 -0.5615 404.01 -0,7649 422.90 -0,9683 617.72 0.1430 624.20
0.8147 829.97 -0,0154 1292.29 -0,3490 415.48 -0,5645 406.10 -0.7679 417.96 -0,9713 696.04 0,1449 619,72
0,8169 829,47 -0,0218 1115,05 -0.3529 414.74 -0.5674 418.17 .0.7709 422.84 -0.9743 674.18 0.1468 613.94
0,8192 828.10 .0.0282 1053.38 -0.3568 413,85 -0,5704 429.37 -0.7739 423.94 -0.9773 726.49 0.1488 614,20
0.8214 819.71 -0.0345 808.17 -0,3607 411.99 .0.5734 409.94 -0.7768 422.00 -0.9803 705,68 0.1507 606.80
0.8236 816.82 -0.0409 760.45 -0,3646 411.39 .0.5764 408.56 -0.7798 422.46 -0.9833 731.74 0.1526 600.89
0.8258 819,76 .0.0472 705.17 .0.3684 411,20 -0.5794 412.88 -0.7828 424,00 -0.9863 755.19 0.1546 601.61
0.8281 814.16 -0.0536 576.75 -0.3723 410.68 .0.5824 406,40 -0.7858 419.28 -0.9892 738.71 0.1565 599,11
0.8303 811.62 .0.0600 567.44 -0.3762 410.DO .0.5854 425.30 -0.7888 424.99 -0.9922 768.70 0.1585 596.72
0.8325 807,77 .0.0663 468.82 .0.3801 409.62 .0.5884 420.46 -0.7918 409.37 0.1604 591.73
0.8347 805.94 -0.0727 429.23 -0.3840 410.12 -0,5914 413.30 -0.7948 410.35 0.1623 585.68
0.8369 798.19 -0.0790 408,94 -0.3879 410.01 -0.5944 410.00 -0.7978 405.10 CASEH-Nu 0.1643 583,99
0,8392 805.26 -0,0854 378.77 -0.3918 409.57 -0,5974 408,51 -0.8008 422.83 0.1662 580.85
0.8414 804.57 -0.0918 360,49 -0.3956 408,61 -0,6003 410.29 -0.8038 430.68 X/SL Nu 0.1682 580.60
0.8436 803.49 -0.0981 343.20 -0.3995 408.72 -0,6033 412.77 -0.8068 430.36 0.0383 1551.95 0.1701 578.10
0.8458 795.29 -0.1045 328.69 -0,4034 408.31 -0.6063 413,40 -0.8098 432.01 0.0403 1411,93 0.1720 576.19
0.8481 798.34 -0.1108 316.41 -0,4073 408.85 -0.6093 429.26 -0.8127 424.64 0,0422 1330,83 0,1740 577.80
0,8.503 801.92 -0.1172 303.55 -0.4112 409.56 -0.6123 419.79 -0,8157 425.85 0.0441 1297,00 0.1759 598.39
0.8525 794.51 -0.1236 290.57 -0,4151 409.30 -0.61.53 443.02 -0.8187 426.81 0.0461 1256.79 0.1778 579.49
0.8547 794.43 .0.1299 280.44 .0.4190 408.68 .0.6183 443.42 -0.8217 430.78 0.0480 1226.79 0.1798 577.24
0.8569 791.43 -0.1363 274.91 -0.4229 409.52 -0.6213 417.97 -0,8247 433.21 0.0499 1199.20 0.1817 576.74
0.8592 791,61 -0.1426 271.94 -0.4267 410.45 .0.6243 425.31 .0.8277 432,80 0.0519 1170.06 0,1837 576.03

0.8614 795.33 -0.1490 271.35 .0.4306 410.46 -0.6273 425.93 -0.8307 434,65 0.0538 1145.51 0,1856 576.06
0.8636 794.33 .0.1554 273.62 -0,4268 412.15 -0.6303 419.05 -0.8337 432,72 0.0558 1136.63 0.1875 610.65
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.1895 575.34 0.4303 755.31 0.581_1 947.68 0.7325 809.79 0.8836 787.25 -0,1776 512.30 -0.4179 541.68
0.1914 575.40 0.4325 759.63 0,5836 944.63 0.7347 802,28 0.8858 784.57 -0,1811 517.23 -0,4209 585.35
0.1933 569.23 0.4347 763,53 0.5858 939.27 0.7370 804.83 0.8881 785.50 -0.1846 543.15 -0,4238 564.98
0.1953 567,05 0.4370 768.59 0.5881 935,11 0.7392 800.88 0.8903 782.59 -0,1881 532,19 -0,4268 520.54
0.1972 564.99 0.4392 774.55 0.5903 928,97 0.7414 797,82 0.8925 789.82 -0.1917 514.79 -0.4298 567.81
0.1992 568.98 0.4414 777,95 0,5925 923.80 0,7436 799.10 0.8947 802.66 -0,1952 534.23 -0.4328 476,71
0.2011 568,24 0,4436 783,43 0.5947 918.05 0,7458 799.09 0.8969 809.00 -0.1987 489,86 -0,4358 520.34
0.2030 566.54 0.4459 787.24 0,5970 912.21 0,7481 791.75 0,8992 818.63 ..0,2022 489.26 -0.4388 497.18
0.2050 563.76 0.4481 792.50 0.5992 907,52 0,7503 792.53 0.9014 821.37 -0,2058 490.07 -0.4418 459.15
0.2069 564.36 0.4503 796,85 0.6014 903.54 0.7525 796.00 0.9036 835.44 -0.2093 480.53 -0.4448 548.69
0.2088 564.66 0,4525 801.30 0.6036 900.52 0.7547 794.33 0.9058 842.48 -0.2t28 524.02 -0.4478 514.72
0.2108 563,02 0,4547 805.58 0.6058 893,65 0,7570 788.31 0.9081 853.99 -0.2163 535,87 -0,4508 511.67
0.2127 564,41 0.4570 807.77 0.6081 893,86 0.7592 788,82 0.9103 858.49 -0.2199 532.81 -0.4538 504.70
0.2147 564.63 0.4592 811,03 0.6103 887.74 0.7614 788.42 0.9125 856.01 -0,2234 522.72 -0.4568 564.96
0.2166 565,67 0,4614 813.63 0.6125 891.59 03636 787.51 0,9147 860.02 -0.2269 508,81 -0.4597 544.27
0,2185 563.69 0.4636 816.64 0.6147 880.41 0.7658 787,41 0.9169 864,86 -0,2304 504.22 -0.4627 535.69
0.2205 560.62 0,4659 818.56 0,6170 878.99 0,7681 787.24 0.9192 873.74 -0.2340 504.01 -0.4657 527.21
0.2224 560.09 0,4681 822,60 0,6192 876.46 0,7703 787.13 0,9214 880.58 -0,2375 484.16 -0.4687 535.26
0,2243 560.16 0,4703 825.07 0.6214 869.29 0.7725 780.32 0.9236 891,28 -0,2410 493.10 -0.4717 516.58
0.2263 558.13 0,4725 827.04 0.6236 869.66 0.7747 777,24 0.9258 897.15 -0.2445 492.56 -0.4747 494.95
0.2282 557,76 0.4747 828.93 0.6258 863,80 0,7770 782,79 0,9281 903.12 -0.2481 503,83 -0.4777 487.20
0.2302 556.31 0,4770 828.39 0,6281 861.09 0.7792 780.65 0.9303 907.84 -0.2516 481,82 -0.4807 447.84

0.2302 557.93 0.4792 830.33 0.6303 862.73 0.7814 782.27 0.9325 917.68 -0.2551 508.04 -0.4837 529.18
0.2334 559.49 0.4814 835.82 0,6325 862.86 0.7836 784.59 0.9347 922.43 -0.2586 493.45 -0.4867 502.20

0.2366 558.94 0.4836 838.36 0.6347 855.31 0.7858 777.80 0.9369 930.01 -0.2621 499,04 -0,4897 500.68
0.2398 561.33 0.4859 837.40 0.6370 848.32 0.7881 778.10 0.9392 938.49 -0.2657 490.81 -0.4927 492.74
0.2430 564.10 0.4881 839.68 0,6392 853.49 0.7903 777.54 0.9414 950.06 -0.2692 505,36 -0.4956 492.23
0.2461 ,565.21 0.4903 842.16 0.6414 851.26 0.7925 779.56 0.9436 962.88 -0,2727 486.13 -0.4986 474.62
0.2493 565.09 0.4925 841.46 0.6436 850.39 0.7947 785.43 0.9458 968.05 -0.2762 485.97 -0.5016 495.88
0.2525 568.15 0.4947 844.08 0,6458 848.50 0.7969 778.96 0.9481 991.31 -0.2798 485.46 -0.5046 464.46
0.2557 569.24 0,4970 847.07 0,6481 844.21 0.7992 780.87 0.9503 1010.89 -0.2833 483.65 -0.5076 463.80
0,2589 573.70 0.4992 848.32 0,6503 841.28 0.8014 777.95 0.9525 1016.66 -0.2868 487.27 -0.5106 478.03
0.2621 576.43 0.5014 854.66 0,6525 842.28 0.8036 781.36 0.9547 1028.42 -0.29£)3 494.53 -0.5136 470,96
0.2653 577.84 0.5036 855.88 0.6547 842.92 0.8058 780.67 0.9569 1051.26 -0.2939 489.31 -0.5166 517.30
0.2685 580.85 0.5059 858.53 0.6570 835.61 0.8081 784.52 0.9592 1083.62 -0.2974 527.62 -0.5196 502.06
0.2717 584.39 0.5081 862.66 0.6592 839.10 0.8103 785.12 -0.3009 499.86 -0.5226 477.94
0,2749 587.46 0.5103 864,98 0.6614 835.31 0.8125 785.19 X_I. Nu -0.3044 508.41 -0.5256 481.87
0.2781 584.47 0.5125 870.51 0.6636 835.53 0.8147 786.24 -0.0030 1651.36 -0.3080 488.49 -0.5286 486.86
0,2813 582.97 0.5147 874.05 0.6658 833.47 0.8169 784.66 -0.0115 1476,$4 -0.3115 488.98 -0.5315 486,38
0,2845 582.43 0.5170 878.28 0.6681 833,49 0,8192 784,84 -0.0201 1313.79 -0.3150 488.35 -0.5345 528.91
0.2877 592.86 0.5192 879.43 0.6703 834.63 0.8214 783.46 -0.0286 1205,18 -0.3185 516.81 -0.5375 535.88
0.2909 609.95 0.5214 887.83 0.6725 829.64 0.8236 788.90 -0.0372 1170.65 -0.3220 489.12 -0.5405 529.91
0.2941 597.55 0.5236 890.92 0.6747 835.67 0.8258 784.34 -0.0457 1127.66 -0.3256 491.73 -0.5435 485.36
0.2973 597.89 0.5259 889.94 0.6770 826.86 0,8281 781,04 -0,0543 918.78 -0.3291 488.86 -0.5465 529.81
0.3005 619.92 0.5281 892.78 0.6792 829.00 0.8303 781,08 -0.0628 768.21 -0.3326 519.80 -0.5495 536.19
0.3037 590.61 0.5303 903.37 0.6814 825.38 0.8325 781.54 -0.0714 592.54 -0.3361 524.28 -0.5525 519.12
0.3069 640.96 0.5325 907.59 0.6836 825.67 0.8347 788.04 -0.0799 526.70 -0.3397 495.05 -0.5555 489.56
0.3836 693.17 0.5347 909.07 0.6858 825.39 0.8369 783.27 -0.0885 497,46 -0.3432 491.08 -0.5585 492.69
0.3859 696.61 0.5370 916.17 0.6881 821.58 0.8392 784.95 -0.0_70 491.79 -0,3467 492.07 -0.5615 516.26
0.3881 692.90 0.5392 921.91 0.6903 819,49 0.8414 786.88 -0.1056 484.50 -0.3502 492.26 -0.5645 512.61
0.3903 689.46 0.5414 930.26 0.6925 823.46 0.8436 789,02 -0.1142 481.10 -0.3538 496.91 -0.5674 552.33
0.3925 692.46 0.5436 932.29 0.6947 817.16 0.8458 791.67 -0.1177 477.73 -0.3573 492.40 -0.5704 575.19
0.3947 697.54 0.5459 934.10 0.6970 821.95 0.8481 788.59 -0.1212 489.13 -0.3608 519.97 -0.5734 517.39
0,3970 702,67 0.5481 939.93 0.6992 821.01 0.8503 793.62 -0.1247 493.71 -0,3643 493.21 -0.5764 507.95
0.3992 707.89 0.5503 948.20 0,7014 823.87 0.8525 794.93 -0.1282 467.20 -0,3679 494.55 -0.5794 524.23
0,4014 712,76 0,5525 952.67 0.7036 823.67 0.8547 795.94 -0.1318 462,48 -0.3714 494.63 -0.5824 525.62
0.4036 719.35 0.5547 955.14 0.7058 818.75 0,8569 796.64 -0.1353 468.68 -0.3749 494.30 -0.5854 513.64
0,4059 722.73 0.5570 956.18 0.7081 820,07 0,8592 794,56 -0.1388 458,80 -0.3784 496.39 -0.5884 523.54
0.4081 728.02 0.5592 962.02 0.7103 817.48 0.8614 806,13 -0.1423 472,67 -0.3819 489.75 -0.5914 523.54
0,4103 729.50 0,5614 964.73 0.7125 815.41 0.8636 794.56 -0,1459 462.39 -0.3855 520.30 -0.5944 500.85
0.4125 732.93 0.5636 966.41 0.7147 810.91 0.8658 791.01 -0,1494 480,68 -0.3890 519.54 -0.5974 480.54
0.4147 736,98 0.5658 969.44 0.7170 814.85 0.8681 786.26 -0,1529 483,41 -0.3969 497.42 -0.6003 524,23
0.4170 742.22 0.5681 968.94 0.7192 817.95 0.8703 799.09 -0.1564 494.37 -0.3999 486.55 -0.6033 538.49
0.4192 744.50 0.5703 964.02 0.7214 816.02 0.8725 796.01 -0.1600 483.07 -0.4029 498.12 -0.6063 476.07
0.4214 746,29 0.5725 962.50 0,7236 813.53 0.8747 793.99 -0.1635 504.96 -0.4059 486.20 -0.6093 529.43
0.4236 749.54 0.5747 961.40 0,7258 810.82 0.8769 790.39 -0.1670 474.99 -0.4089 549.74 -0.6123 484.14
0.4259 753.04 0.5770 958.58 0.7281 810.58 0.8792 787.93 -0.1705 475.60 -0.4119 508.29 -0.6153 482.63
0.4281 752.96 0.5792 950.77 0.7303 812.36 0.8814 790.60 -0.1741 506.38 -0.4149 517.20 -0.6183 510.86
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Coolin_t Effectiveness

-0.6213 520.01 -0.8247 593.95 0.0441 1349.77 0.2023 588.94 0.4503 941.73 0.6014 1032.41 0.7525 815.82
-0.6243 514.42 -0.8277 562.27 0.046,5 1289.02 0.2046 590.37 0.4525 946.55 0.6036 1029.68 0.7547 810.57
-0.6273 486.17 -0.8307 551.66 0.0488 1240.64 0.2069 594.08 0.4547 948.03 0.6058 1025.21 0.7570 816.21
-0.6303 506.75 -0.8337 576.61 0.0511 1199.29 0.2092 589.02 0.4570 949.50 0.6081 1023.68 0.7592 807.30
-0.6333 482.87 -0.8367 502.82 0.0334 1161.85 0.2116 587.63 0.4592 953.08 0.6103 1017.41 0.7614 800.87
-0.6362 493.62 -0.8397 495.02 0.0558 1116.05 0.2139 590.06 0.4614 953.95 0.6125 1011.30 0.7636 805.77
-0.6392 512.26 -0.8427 544.52 0.0581 1088.82 0.2162 587.79 0.4636 955.43 0.6147 1005.68 0.7658 809.15
-0.6422 514.55 -0.8457 524.13 0.0604 1067.60 0.2185 584.61 0.4659 960.00 0.6170 1003.58 0.7681 802.62
-0.6452 485.58 -0.8486 523.98 0.0627 1050.54 0.2209 581.14 0.4681 962.61 0.619"2 1003.25 0.7703 801.32
-0.6482 491.35 -0.8516 500.05 0.0651 1023.57 0.2232 581.14 0.4703 962.43 0.6214 997.19 0.7725 801.64
-0.6512 490.24 -0.8546 505.91 0.0674 1001.89 0.2255 580.13 0.4725 963.02 0.6236 993.04 0.7747 804.52
-0.6542 486.05 -0.8576 512.25 0.0697 986.27 0.2278 574.90 0.4747 969.86 0.6258 994.53 0.7770 800.57
-0.6572 ,54i.70 -0.8606 509.80 0.0720 974.11 0.2302 570.65 0.4770 975.86 0.6281 992.91 0.7792 806.12
-0.6602 518.21 -0.8636 512.31 0.0744 949.42 0.2302 570.98 0.4792 976.59 0.6303 982.76 0.7814 799.90
-0.6632 542.92 -0.8666 511.92 0.0767 936.20 0.2334 575.74 0.4814 977.65 0.6325 976.81 0.7836 803.72
-0.6662 560.77 -0.8696 521.63 0.0790 917.04 0.2366 579.28 0.4836 982.46 0.6347 966.11 0.7858 796.77
-0.6692 507.13 -0.8726 517.58 0.0813 903.49 0.2398 579.80 0.4859 986.97 0.6370 965.47 0.7881 801.74
-0.6721 561.89 -0.8756 547.79 0.0837 887.28 0.2430 583.77 0.4881 989.54 0.6392 965.21 0.7903 802.90
-0.6751 543.85 -0.8786 558.53 0.0860 878.29 0.2461 588.06 0.4903 994.09 0.6414 964.08 0.7925 805,99
-0.6781 626.35 -0.8816 521.66 0.0883 857.20 0.2493 593.50 0.4925 996.07 0.6436 963.80 0.7947 804.24
-0.6811 691.76 -0.8845 530.57 0.0906 835.58 0.2525 595,75 0.4947 995.99 0.6458 950.82 0.7969 793.83
.0.6841 676.38 -0.8875 540.53 0.0930 824.58 0.2557 596.69 0.4970 1002.90 0.6481 947.08 0.7992 794.11
.0.6871 603.27 -0.8905 554.59 0.0953 817.97 0.2589 603.88 0.4992 1010.19 0.6503 941.32 0.8014 800.17
-0.6901 525.23 .0.8935 552.68 0.0976 812.05 0.2621 61i.12 0.5014 1013.43 0.6825 935.68 0.8036 804.00
-0.6931 539.15 -0.8965 559.13 0.0999 805.42 0.2653 616.67 0.5036 1011.85 0.6547 935.35 0.8058 805.58
-0.6961 512.66 -0.8995 580.08 0.1023 795.20 0.2685 620.70 0.5059 1017.49 0.6570 930.57 0.8081 796.26
-0.6991 641.13 -0.9025 576.89 0.1046 787.88 0.27i7 622.44 0.5081 1025.65 0.6592 928.00 0.8103 800.01
-0.7021 590.23 -0.9055 582.36 0.1069 786.85 0,2749 629.88 0.5103 1026.80 0.66i4 925.05 0.8125 799.60
-0.708i 507.65 -0.9085 592.35 0.1092 779.68 0.2781 629.22 0.5125 1032,66 0.6636 924.30 0.8147 789.73
.0.7080 564.28 -0.9ii5 598. i9 0.1116 769.38 0.2813 632.00 0.5147 1033.78 0,6658 919.19 0.8169 804.04
-0.7110 584.80 -0.9145 603.16 0.1139 759.27 0.2845 637.38 0.5170 1036.81 0.6681 916.17 0.8192 804.46
-0.7140 687.89 -0.9174 613.68 0.1162 746.67 0.2877 643.16 0.5192 1042.19 0.6703 916.28 0.8214 805.35
-0.7170 490.60 -0.9204 623.54 0.1185 739.00 0.2909 656.95 0.5214 1042.60 0.6725 911.14 0.8236 796.87
-0.7200 546.81 -0.9234 631.80 0.1209 731.11 0.2941 662.85 0.5236 1048.28 0.6747 900.78 0.8258 798.03
-0.7230 563.90 -0.9264 644.63 0.1232 727.00 0.2973 663.36 0.5259 105,5.93 0.6770 904.38 0.8281 793.09
-0.7260 618.14 -0,9294 6,58.28 0.1255 721.76 0.3005 668.19 0.5281 1060.13 0.6792 901.43 0.8303 794.25
-0.7290 556.75 -0.9324 670.81 0.1278 710.86 0.3037 668.19 0.5303 1060.27 0.6814 894.58 0.8325 792.58
-0.7320 577.90 -0.9354 679.00 0.1302 696.36 0.3069 664.02 0,5325 1064.01 0.6836 891.07 0.8347 800.94
-0.7350 494.57 -0.9384 687.01 0.1325 691.00 0.3836 792.98 0.5347 1068.43 0.6858 891.52 0.8369 799.58
-0.7380 522.93 -0.9414 693.02 0.1348 688.72 0.3859 798.28 0.5370 1074.04 0.6881 887.91 0.8392 823.76
-0.7409 556.23 -0.9444 710.63 0.1371 681.87 0.3881 801.56 0.5392 1075.75 0.6903 884.79 0.8414 807.85
-0.7439 539.21 -0.9474 721.17 0.1395 673.31 0.3903 810.48 0.5414 1080.91 0.6925 880.45 0.8436 808.03
-0.7469 535.99 -0.9_ 723.52 0.1418 667.87 0.3925 822.32 0.5436 1086.40 0.6947 877.92 0.8458 799,94
-0.7499 564.30 -0.9533 733.20 0.1441 664.28 0.3947 831.16 0.5459 i088.97 0.6970 878.05 0.8481 804.52

-0.7529 574.41 -0.9563 757.55 0.1464 657.68 0.3970 838.57 0.5481 1099.41 0.6992 876.42 0.8503 507.40
-0.7559 543.07 -0.9593 758.59 0.1488 653.36 0.3992 851.38 0.5503 1099.91 0.7014 871.60 0.8525 807.16
-0.7589 542.58 -0,9623 772.82 0.1511 646,86 0.4014 861.22 0.5525 1104.64 0.7036 861.22 0.8547 811.71
-0.7619 565.75 -0.9683 789.23 0.1534 641.47 0.4036 867.03 0.5347 1102.21 0.7058 857.97 0.8569 819.12
-0.7649 590.13 -0.9683 809.73 0.1557 644.74 0.4059 871.35 0.5570 1104.51 0.7081 856.33 0.8592 822.59
-0.7679 558.63 -0.9713 828.80 0.1581 641.97 0.4081 875.96 0,5592 1108.83 0.7103 854.90 0.8614 830.51
-0.7709 573.66 -0.9743 862.38 0.1604 637.72 0.4103 881.56 0.5614 1106.94 0.7125 851.11 0.8636 832.46
-0.7739 590.13 -0.9773 891.16 0.1627 629.90 0.4125 883.68 0.5636 1102.72 0.7147 845.67 0.8658 834.87
-0.7768 594.14 -0.9803 903.21 0.1651 632.58 0.4147 888.31 0.5658 1098.99 0.7170 850.93 0.8681 836.16
-0.7798 605.54 -0.9833 925.24 0.1674 627.97 0.4170 895.74 0.5681 1099.04 0.7192 847.42 0.8703 839.90
-0.7828 604.69 -0.9863 952.26 0.1697 628.13 0.4192 893.08 0.5703 1099.09 0.7214 846.82 0.8725 842.08
-0.7858 539.75 -0.9892 969.44 0.1720 628.06 0.4214 896.78 0.5725 1097.40 0.7236 846.95 0.8747 845.71
-0.7888 521.34 -0.9922 973.22 0.1744 620.51 0.4236 900.08 0.5747 1092.31 0.7258 846.61 0.8769 852.70
-0.7918 569.11 0.1767 618.54 0.4259 904.83 0.5770 1086.59 0.7281 841.70 0.8792 848.60
-0.7948 554.51 0,1790 618.48 0.4281 907.47 0.5792 1081.98 0.7303 827.35 0.8814 858.62
-0.7978 546.34 OASEI-Nu 0.1813 617.98 0.4303 910.35 0.5814 1080.45 0.7325 828.83 0.8836 865.84
-0.8008 628.32 0.1837 615.80 0.4325 915.52 0.5836 1076.00 0.7347 822.55 0.8858 872.23
-0.8038 497.02 X/$L Nu 0.1860 613.86 0.4347 921.99 0.5858 1067.81 0.7370 824.03 0.8881 872.53
-0.8068 571.26 0.0302 1647.27 0.1883 605.62 0.4370 922.90 0.5881 1052.59 0.7392 820.71 0.8903 883.80
-0.8098 619.59 0.0325 1586.06 0.1906 601.75 0,4392 923.25 0.5903 1050.35 0.7414 825.29 0.8925 887.70
-0,8127 634.42 0.0348 1580,53 0.1930 601.37 0.4414 929.83 0.5925 1044,29 0.7436 818.58 0.8947 893.78
-0.8157 598.69 0.0372 1498.43 0.1953 603.30 0,4436 932.35 0.5947 1041.88 0,7458 820.16 0.8969 896.09
-0.8187 567.38 0.0395 1462.61 0.1976 600.69 0.4459 936.88 0.5970 1042.78 0.7481 816.77 0.8992 908.85
-0.8217 608.71 0.0418 1400.82 0.1999 592.29 0.4481 940.86 0.5992 1033.86 0.7503 810.25 0.9014 917.88
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.9036 930.18 -0.2520 580.02 -0.4897 555,24 -0.6931 576.65 -0.8965 681.85 0.0975 775.56 0.2557 665.66
0.9058 935.70 -0.2555 551.74 -0.4927 568.94 -0.6961 567.39 -0.8995 689.34 0.0998 774.24 0,2589 668.46
0.9081 938.20 -0,2590 581.25 -0.4956 580.91 -0.6991 577.98 -0.9025 687.25 0.1020 767.83 0.2621 673.81
0.9103 951,47 -0.2626 574,26 -0.4986 551.34 -0.7021 566.28 -0.9055 707.03 0.1043 762.06 0,2653 678.70
0.9125 960.31 -0.2661 518,61 -0.5016 554.77 -0.7051 578.06 -0.9085 734.55 0.1065 753.71 0.2685 679.23
0.9147 968.00 -0.2696 539,61 -0.5046 544.98 -0,7080 577.42 -0.9115 747.17 0.1088 752.70 0.2717 684.48
0.9169 980.97 -0.2731 546.22 -0.5076 556.52 -0.7110 577.29 -0.9145 742.68 0.1110 754.22 0.2749 686.13
0.9192 995.10 -0.2767 546,84 -0.5106 617.22 -0.7140 570.22 -0.9174 731.39 0.1133 749.76 0.2781 684.80
0.9214 1010.36 -0.2802 545,45 -0.5136 587.42 -0.7170 566.12 -0.9204 720.28 0.1155 739.90 0.2813 685.66
0.9236 1023.64 -0.2837 533.58 -0.5166 581,96 -0.7200 565.24 -0,9234 724.08 0.1178 732.13 0,2845 686.57
0.9258 1023.50 -.0.2872 588.16 -0.5196 572.26 -0.7230 597.90 -0.9264 732.56 0.1200 728.30 0.2877 693.78
0.9281 1038.97 -0.2908 604.92 -0.5226 547.19 -0.7260 578.83 -0,9294 741.20 0.1223 723.68 0.2909 700.18
0.9303 1056.81 -0.2943 564.19 -0.5256 548.14 -0.7290 591.25 -0.9324 750.16 0.1245 719.79 0,2941 702.95
0.9325 1076.71 -0.2978 552,77 -0.5286 547.12 -0.7320 562.02 -0.9354 759.70 0.1268 723.24 0.2973 703.75
0.9347 1090.25 -0.3013 567.92 -0.5315 542.96 -0,7350 565.61 -0.9384 760.69 0.1290 716.92 0.3005 707.94
0.9369 1097.38 -0.3048 562.31 -0.5345 546.04 -0.7380 574,02 -0.9414 781.34 0.1313 707.50 0.3037 703.58
0.9392 1106.53 -0.3084 531.38 -0.5375 555.77 -0.7409 588.13 -0.9444 793.43 0.133.5 701.62 0.3069 703.65
0.9414 1126.43 -0.3119 537.46 -0.5405 560.19 -0.7439 587.16 -0.9474 796.78 0.1358 699.52 0.3836 829.20
0.9436 1149.72 -0.3154 548.22 -0.5435 549.46 -0.7469 577.94 -0.9504 795.70 0.1380 697.22 0.3859 832.65
0.9458 1166.29 -0.3189 549.06 -0,5465 544.29 -0.7499 563.40 -0.9533 809.29 0.1402 689.52 0.3881 839.31
0.9481 1177.03 -0.3225 528.39 -0.5495 541.20 -0.7529 593.96 -0.9563 830.31 0.1425 685.88 0.3903 847.19
0.9503 1182.28 -0.3260 534.53 -0.5525 545,16 -0.7559 563.34 -0.9593 836,10 0.1447 683,43 0.3925 857.38
0.9525 1217,48 -0.3295 534.82 -0.5555 540.91 -0.7589 576.83 -0.9623 846,67 0.1470 683.26 0.3947 865.02
0,9547 1244.97 -0.3330 547.82 -0.5585 567.82 -0.7619 566.83 -0.9653 854.59 0.1492 679.14 0.3970 872.40
0.9569 1265.14 -0.3366 554.47 -0.5615 571,27 -0.7649 568.03 -0.9683 867.93 0.1515 675,14 0.3992 880.34
0.9592 1298.26 -0,3401 544.90 -0.5645 555,84 -0.7679 575.64 -0.9713 879.45 0.1537 671.04 0.4014 888.08

-0.3436 568.14 -0.5674 553.72 -0.7709 570.05 -0.9743 888.73 0.1560 672.00 0.4036 894,36

X/PL Nu -0.3471 539,18 -0.5704 549.17 -0.7739 567.45 -0.9773 900.27 0.1582 673.70 0.4059 894.46
-0.0004 1479.60 -0.3507 539,05 -0.5734 539.47 -0.7768 579.58 -0.9803 910.61 0.1605 672.11 0.4081 899.14
-0.0089 1437.44 -0.3542 538,70 -0.5764 558.64 -0.7798 585.42 -0.9833 929.36 0.1627 669.17 0,4103 905.09
-0.0175 1367.31 -0.3577 536,32 -0.5794 574.71 -0.7828 583.47 -0.9863 940.31 0.1650 668.88 0.4125 912.20
-0.0261 1280.20 -0.3612 540.33 -0.5824 587.53 -0.7858 577.62 -0.9892 959.72 0.1672 666.97 0.4147 915.51
•0.0346 1219.90 -0.3647 548.53 -0.5854 581.79 -0.7888 570.68 -0.9922 963.25 0.1695 668.73 0.4170 918.09
-0.0432 1194.64 -0.3683 542.82 -0.5884 570.30 -0.7918 585.09 0.1717 668.47 0.4192 921.89
-0.0517 1109.21 -0.3718 555.31 -0.5914 559.51 -0,7948 595.33 0.1740 666.86 0.4214 922.70
-0.0603 1013.61 -0.3753 554.56 -0.5944 554,92 -.0,7978 59t.94 (_ASE..I-Nu 0.1762 665.68 0.4236 922.85
-0.0688 955.85 -0.3788 568.66 -0.5974 556.18 -0,8008 619.86 0.178.5 667.38 0.4259 928.28
-0.0774 891.40 -0,3824 541.30 -0.6003 590.07 -0.8038 584,55 X/SL Nu 0.1807 668.76 0.4281 931,93
-0.0859 817.59 -0.3859 541,93 -0,6033 584.52 -0,8068 583.68 0.0301 1435.86 0.1830 667.88 0.4303 935.40
-0.0945 755.03 -0.3894 541.31 -0.6063 551,67 -0,8098 585.77 0.0324 1517.77 0.1852 669,73 0.4325 941,22
-0.1030 705,63 -0.3929 540.46 -0.6093 543.48 -0,8127 602.24 0.0346 1457.39 0.1875 665,74 0.4347 947.08
-0.1116 664.64 -0.3965 542.23 -0.6123 548.45 .-0.8157 631,94 0.0368 1437.85 0.1897 663,29 0.4370 948.56
-0.1201 630.83 -0.4000 545.60 -0.6153 573.23 -0.8187 621,62 0,0391 1392.86 0.1919 661.38 0,4392 952.00
-0.1287 602.42 -0.4035 542,36 -0,6183 573.00 -0.8217 591.23 0.0413 1307.81 0.1942 662.76 0.4414 955.37
-0.1372 592.52 -0,4070 544.13 -0.6213 566,2i -0.8247 589,82 0.0436 1252.93 0.1964 667.45 0.4436 962.01
-0.1458 580.83 -0,4106 549.43 -0,6243 573.49 -0.8277 594,73 0.0458 1214.56 0.1987 663.91 0,4459 964.94
-0.1544 567,94 -0.4141 548.83 -0,6273 558.36 -0.8307 594,13 0,0481 1180.48 0.2009 660.08 0.4481 971.39
-0,1629 555,61 -0.4176 544,06 -0.6303 555.66 -0.8337 601,63 0.0503 1136.67 0.2032 657.49 0,4503 973.28
•0.1715 548.26 -0,4211 544.85 -0.6533 600.24 -0.8367 605.85 0.0526 1099.99 0.2054 664.71 0.4525 972.27
-0.1800 542.00 -0,4247 544.98 -0,6362 560,79 -0.8397 607,57 0.0548 1073.18 0,2077 665.22 0.4547 980.44
-0.1886 536.58 -0.4282 550,38 -0,6392 576.34 -0.8427 606.44 0.0571 1041.67 0,2099 661.60 0,4570 976.52
-0.1921 532.27 -0.4317 545.92 -0.6422 557.07 -0.8457 610.01 0.0593 1013.53 0,2122 661,98 0.4592 981.19
-0.1956 545.14 -0,4352 577.49 -0.6452 581.03 -03486 609,55 0,0616 986.54 0.2144 664.77 0.4614 983.28
-0.1991 552.81 -0.4387 546.24 -0.64B2 600.56 -0.8516 611,78 0,0638 959.28 0.2167 665.46 0.4636 983.57
-0.2027 520.18 -0.4423 547.64 -0.6512 562.32 -0,8546 620,11 0,0661 940.30 0.2189 661.90 0.4659 986.62
-0.2062 514.66 -0.4458 547.98 -0.6542 601.94 -0.8576 619.83 0.0683 929.31 0.2212 659.57 0.4681 991.06
-0.2097 523.12 -0.4493 547.66 -0,6572 574,98 -0.8606 640,43 0,0706 915.02 0.2234 662.06 0.4703 990,85
-0.2132 510.80 -0.4528 550.30 -0.6602 562.99 -0.8636 632.42 0.0728 896,98 0.2257 660.99 0.4725 989t85
-0.2168 527.40 -0.4564 542.27 -0,6632 566.74 -0.8666 645,49 0.0751 887.76 0,2279 658.66 0.4747 997.22
-0.2203 514,61 -0.4599 541.95 -0.6662 558.22 .-0,8696 635.30 0.0773 874,59 0.2302 659.66 0.4770 997.66
-0.2238 536.78 -0,4634 541,35 -0.6692 564.59 -0,8726 630,61 0.0796 864.83 0.2302 656.57 0.4792 1001.19
-0.2273 542.31 -0,4687 552,23 -0.6721 570.29 -0,8756 654.19 0.0818 854.67 0.2334 658.73 0.4814 995.61
-0,2308 553,00 -0.4717 555.13 -0.6751 585.66 -.0.8786 649,40 0,0841 840.15 0.2366 660.56 0.4836 999.87
-0.2344 540.31 -0.4747 540.21 -0,6781 582.07 -0.8816 649,46 0.0863 830.06 0.2398 661.62 0,4859 1004.54
-0.2379 543.77 -0.4777 542.12 -0.6811 569.13 -0,8845 650.80 0.0885 822.49 0.2430 663.04 0.4881 1006.13
-0.2414 528.90 -0.4807 552.97 -0.6841 565.87 -0.8875 652,07 0.0908 809.61 0.2461 663.36 0.4903 1011.51
-0.2449 528.85 -0.4837 548.45 -.0.6871 568,45 -0.8905 661.77 0.0930 791,14 0.2493 663.28 0,4925 1014.77
-0.2485 569.37 -0.4867 562,73 -0,6901 569.05 -0.8935 668,05 0,0953 780.30 0,2525 665.77 0.4947 1018.29
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.4970 1018.81 0.6481 953.10 0.7992 825.39 0.9503 1137.53 --0.3337 558.80 -0.5286 600.14 -0.7320 612.74
0.4992 1022.89 0.6503 952.48 0.8014 826.06 0.9525 1155.92 -0.3372 563.52 -0.5315 598.54 -0.7350 725.08
0,5014 1027.95 0.6525 946.46 0.8036 824.66 0.9547 1179.47 -0.3407 563.58 .-0.5345 603.54 -0.7380 741.41
0.5036 1023.45 0.6547 944.55 0.8058 825.15 0.9569 1202.26 -0.3443 564.16 -0,5375 600.06 -0.7409 746.10
0.5059 1030.36 0.6570 965.08 0.8081 829,73 0.9592 1239.33 -0.3478 560.57 -0.5405 617.08 -0.7439 606.93

0.5081 1032.30 0,6592 943.35 0.8103 831.31 -0.3513 564.71 -0.5435 598.53 -0.7469 595.66
0.5103 1034.23 0.6614 931.55 0.8125 829.39 X/PI Nu -0.3548 579.72 -0.5465 607.21 -0.7499 620.62
0,5125 1039,73 0.6636 925,60 0,8147 831,04 -0.0332 1351.71 -0,3584 567.82 -0.5495 611.09 -0.7529 616.31

0,5147 1043,55 0.6658 925.11 0.8169 826.52 -0.0418 1229.33 -0,3619 580.78 -0.5525 602.63 -0.7559 636.56
0,5170 1044.09 0,6681 917.34 0.8192 829,48 -0.0503 1112.11 -0.3654 578.64 -0.5555 600.82 -0.7589 630.0i

0.5192 1048,93 0.6703 925.34 0.8214 831.54 -0.0589 1042.18 -0.3689 560.66 -0.5585 596,52 -0.7619 636.90
0.5214 1053.65 0.6725 921,07 0.8236 825.04 ..0.0675 972.50 .-0.3724 565,07 -0.5615 604.35 -0.7649 642.12
0.5236 1057.19 0.6747 916.48 0.8258 832.49 -0.0760 883.63 -0.3760 565,93 -0.5645 619.38 -0,7679 580.78
0.5259 1064.90 0.6770 919.97 0.8281 833.8.5 -0,0846 805.08 -0.3795 565.47 -0.5674 600.67 -0.7709 604.91
0.5281 1066.36 0.6792 918.52 0,8303 831.35 -0.0931 750.77 -0.3830 563.64 -0.5704 590.48 .-0.7739 642,90
0.5303 1067.41 0.6814 911.82 0,8325 825.17 -0.1017 708.66 -0.3865 566.63 -0.5734 586.97 -0.7768 629,26
0.5325 1072.38 0.6836 901.37 0.8347 827.65 -0.1102 666.23 -0.3901 571.16 -.0.5764 591.85 -0.7798 602.11
0.5347 1081.65 0.6858 907.36 0.8369 835.63 -0.1188 634.22 -0.3936 567.94 -0.5794 593.66 -0.7828 605.73
0.5370 1085.80 0.6881 903.47 0.8392 835.32 -0.1273 626.60 -0.3971 568.84 -0.5824 599.12 ..0.7858 633.56
0.5392 t082.75 0.6903 899.90 0.8414 840.05 -0.1359 614,92 -0,4006 574.30 -0.5854 598.37 -0.7888 646.27
0.5414 1087.93 0.6925 901.01 0.8436 824.15 -0.1444 598,69 -0.4042 573.73 -0.5884 603.10 -0.7918 639.76
0.5436 1095.38 0.6947 895.45 0,8458 818.57 -0.1530 585.07 -0.4077 568.28 -0.5914 587.19 -0.7948 659,65
0.5459 1094.99 0.6970 898.48 0.8481 813.45 -0.16i5 575.26 -0.4112 568.49 -0.5944 597.22 -0.7978 654.89
0.5481 1099,68 0.6992 896.72 0,8503 815.27 -0.1701 573.88 -0.4147 568.54 -0.5974 607.69 -0.8008 650.97
0,5503 1106.10 0.7014 904.00 0.8525 818.84 -0.1786 565.01 -0.3999 583.22 -0.6003 585.19 -0.8038 660.32

0.5525 1108.10 0.7036 896,44 0.8547 849.97 -0,1822 559.23 -0.3999 573.31 -0.6033 588,57 -0,8068 647.49
0.5547 1111,74 0,7058 894,85 0.8569 826.08 -0.1857 570.50 -0.4029 589.82 -0.6063 591.68 -0.8098 633.51
0.5570 1112.71 0.7081 889.14 0,8592 821.97 -0.1892 583.38 -0.4059 579,09 -0.6093 578.72 -0.8127 642.57
0,5592 1110.32 0.7103 884,50 0.8614 814.27 -0.1927 546.43 -0.4089 572.85 -0.6123 561.67 -0,8157 654.52
0.5614 1109.68 0,7125 876.01 0.8636 818.56 -0,1963 540.48 -0,4119 547.32 -0.6153 516.74 -0.8187 656,50

0.5636 1115,36 0,7147 873.88 0.8658 817.45 -0,1998 550.92 -0,4149 569.56 -0.6183 491.33 -0.8217 643,49
0.5658 1111,91 0,7170 878.98 0.8681 822,19 -0.2033 537.06 -0.4179 572.73 -0.6213 586.40 -0.8247 666.15

0,5681 1108,31 0,7192 872,63 0.8703 811.85 -0.2068 552.85 -0,4209 569.57 -0.6243 594.20 -0.8277 585.37
0.5703 1105.27 0,7214 868.48 0.8725 809,59 -0.2104 540.69 -0.4238 572,42 -0,6273 601.48 -0,8307 681.92

0.5725 1105.44 0.7236 867.36 0.8747 822.35 -0.2139 554.13 -0.4268 571.65 -0.6303 609.28 -0.8337 668.45
0.5747 1102.24 0.7258 871.14 0.8769 824.78 -0.2174 587.38 -0.4298 559.25 -0.6333 605.75 -0.8367 667.97
0.5770 1089.24 0.7281 1368.40 0.8792 832.26 -0.2209 591.01 -0.4328 587.84 -0.6362 626.15 -0.8397 673.40
0.5792 1088.57 0.7303 861.31 0.8814 834.61 -0.2245 566.86 -0.4358 576.24 -0.6392 632.58 -0.8427 673,51
0.5814 1083.12 0.7325 860.89 0.8836 842.89 -0.2280 536.24 -0.4388 584.38 -0.6422 634.82 -0.8457 670.03
0.5836 1080,68 0.7347 862.58 0.8858 849.44 -0.2315 556.19 -0.4418 606.35 -0.6452 628.74 -0.8486 660.28
0.5858 1071.34 0.7370 864.24 0.8881 853.32 -0.2350 554.51 -0.4448 609.98 -0.6482 607.66 -0.8516 686.95
0.5881 1063.65 0.7392 863.29 0.8903 866.89 ..0.2385 600.96 ..0.4478 572.46 -0.6512 609.89 -0.8546 679.49
0.5903 1061.93 0.7414 857.54 0.8925 889.03 -0.2421 577.07 -0.4508 581.5,4 -0.6542 596.05 -0.8576 690.73
0.5925 1055.85 0.7436 850.34 0.8947 890.06 -0.2456 578.54 -0.4538 588.20 -0.6572 593.23 -0.8606 702.12
0.5947 1047.85 0.7458 848.10 0.8969 887,10 -0.2491 602,93 -0.4568 594,93 -0.6602 609.64 -0.8636 728.14
0.5970 1044.11 0.7481 842,34 0.8992 887.37 -0.2526 570.95 -0.4897 582.08 -0.6632 602.24 -0.8666 706.97
0.5992 1042.77 0.7503 843.50 0.9014 899.70 -0.2562 545.41 -0.4627 587.44 -0.6662 592.22 -0.8696 715.60
0.6014 1037.65 0.7525 848.32 0.9036 904.67 -0.2597 563.15 -0.4657 590.13 -0.6692 615.28 -0.8726 707.63
0.6036 1031.38 0.7547 841.29 0.9058 914.83 -0.2632 573.60 -0.4687 589.89 -0.6721 6]7.42 -0.8756 732.70
0.6058 1029.97 0.7570 837,46 0.9081 917.95 -0.2667 579.26 -0.4717 600.69 -0.6751 610.22 -0.8786 745.35
0.6081 1028.37 0.7592 832.95 0.9103 9]9.69 -0.2703 570.79 -0.4747 607.12 -0.6781 603.23 -0.8816 733.95
0.6103 1019.62 0.7614 835.91 0.9125 933.45 -0.2738 558.57 -0.4777 594.44 -0.68ii 602.19 -0.8845 738.63
0.6125 1016.55 0.7636 837.09 0.9147 940.44 -0,2773 584.11 -0.4807 596.17 -0.6841 606.75 -0.8875 723,41
0.6147 1007.96 0.7658 839.31 0.9169 955.58 -0.2808 633.27 -0.4837 573.84 -0.6871 615.31 -0.8905 730.81
0.6170 1005.66 0.7681 831.81 0.9192 965.17 -0.2844 631.45 -0.4867 582.49 -0.6901 625.52 -0.8935 748.65
0.6192 1005.44 0.7703 826,03 0.9214 975.05 -0.2879 566.13 -0.4897 565.42 -0.6931 606.71 -0.8965 774.81
0.6214 999.44 0.7725 834.05 0.9236 979.53 -0.2914 584.13 -.0.4927 584.14 -0.6961 609.03 -0.8995 770.53
0.6236 993.94 0.7747 833.39 0.9258 986.87 -0.2949 585.27 -0.4956 708.98 -0.6991 616.46 -0.9025 780.00
0.6258. 990.21 0.7770 829.23 0.9281 1000.35 -0.2984 558.65 -0.4986 604.59 -0.7021 619.54 -0.9055 780.51
0.6281 988.47 0.7792 830.73 0.9303 1015.12 -0.3020 564.06 -0.5016 584.99 -0,7051 623.67 -0.9085 772.31
0.6303 981.48 0.7814 828,89 0.9325 1030,24 -0.3055 573.27 -0.5046 590.16 -0.7080 637.23 -0.9115 772.43
0.6325 979.93 0.7836 828.32 0.9347 1042,60 -0.3090 578,94 -0.5076 672.90 -0.7110 638.60 -0.9145 787.17
0.6347 967.01 0.7858 827.00 0.9369 1050.42 -0.3125 554.00 -0.5106 671.15 -0.7140 637.66 -0.9174 795.84
0.6370 966.42 0.7881 829.12 0.9392 1070.82 -0.3161 559.24 -0.5136 599.39 -0.7170 597,13 -0.9204 811.93
0.6392 969.99 0.7903 835.48 0.9414 1085,32 -0.3196 559,36 -0.5166 609.12 -0.7200 616.98 -0.9234 808.85
0.6414 972.13 0.7925 830.43 0,9436 1104.39 -0.3231 572.19 -0.5196 610.68 -0.7230 600.68 -0.9264 805.64
0.6436 965.15 0.7947 823.05 0.9458 1117.88 -0.3266 579,76 -0.5226 600.23 -0.7260 596.05 -0.9294 808.10
0.6458 956.29 0.7969 822.32 0.9481 1127.63 -0.3302 570,34 -0.5256 590.58 -0.7290 601.86 -0.9324 834.66
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

•-0.9354 799.05 0.1276 779.47 0.2877 700,69 0.5281 1018.95 0.6792 890.07 0.8303 776.91 -0.0655 1064.89
-0.9384 858.66 0.1297 775.84 0.2909 704.98 0.5303 1016,42 0.6814 885.62 0.8325 776.53 -0.0740 967.02
-0.9414 881.38 0.1318 778.99 0,2941 699.63 0.5325 1019.11 0.6836 875.92 0.8347 782.29 -0.0826 880.62
-0.9444 883.64 0,1339 782.30 0.2973 700.22 0.5347 1027.05 0,6858 876,92 0.8369 786.73 -0.0911 820.79
-0.9474 896.43 0.1360 772.87 0.3005 703.22 0.5370 1032,55 0.6881 871.65 0.8392 784.25 .-0.0997 774.19
-0.9504 874.95 0.1381 758.95 0.3881 819.59 0.5392 1032.78 0.6903 868.32 0.8414 781.48 ..0.1082 727.33
-0.9533 935.40 0.1402 761.38 0,3903 825.14 0.5414 1033,90 0.6925 861.80 0.8436 778.15 -0.1168 691.89
-0.9563 972.44 0.1423 757.95 0,3925 831.00 0.5436 1036.82 0,6947 866.53 0.8458 781.46 --0.1253 683.17
-0.9593 973.26 0.1444 752.02 0,3947 838.01 0.5459 1041.84 0.6970 865.04 0.8481 781.27 -0.1339 670.04
.-0.9623 973.51 0.1464 751.20 0.3970 844.94 0.5481 1045,91 0.6992 855.69 0.8503 783.88 -0.1424 651.91
-0.9653 998.87 0.1485 747.60 0.3992 851.77 0.5503 1047.14 0.70t4 856.73 0.8525 779.17 -0.1510 636.70
-0.9683 993.30 0.1506 743.28 0.4014 858.40 0.5525 1049.54 0.7036 855.77 0.8547 779.26 -0.1596 625.63
•.0.9713 1008.55 0.1527 741.09 0.4036 863.42 0.5547 1048.32 0.7058 853.68 0.8569 775.26 .-0.1681 623.76
-0.9743 1027.76 0.1548 741.31 0.40.59 867.74 0.5570 1053.39 0.7081 855.88 0.8592 779,16 -0.1767 613.76
-0.9773 1045.35 0.1569 736.56 0.4081 873.58 0.5592 1052.26 0,7103 851.09 0.8614 777.76 -0,1802 607,12
-0.9803 1072.22 0.1590 731.51 0.4103 880.52 0.5614 1053.33 0.7125 848,97 0.8636 782.55 -0.1837 619.02
-0.9833 1068.73 0.1611 730.86 0,4125 883.79 0.5636 1057.62 0.7147 843,58 0.8658 788.25 -0.1872 632,68
-0.9863 1081.42 0.1632 735.85 0,4147 886,11 0.5658 1055,24 0.7170 846.28 0.8681 787.88 .-0.1908 592.21
--0.9892 1110,48 0.1653 735.42 0,4170 890.33 0.5681 1051.60 0.7192 842,82 0.8703 790.98 -0.1943 585.43

0.1674 735.80 0.4192 892,94 0.5703 1047.42 0.7214 831.19 0.8725 807.20 -0.1978 596,42
0.1695 734.66 0.4214 896.70 0.5725 1049.72 0.7236 837,19 0.8747 815.00 -0.2013 581.10

_ASEK-Nu 0.1716 730.11 0.4236 896,93 0.5747 1048,51 0.7258 838.81 0.8769 815.71 -0.2048 597.92
0.1737 728,73 0.4259 898,60 0.5770 1046.93 0.7281 838.68 0.8792 809.73 -0.2084 584.42

X/SL Nu 0.1757 732.04 0,4281 903.66 0.5792 1043.91 0.7303 831.90 0.8814 815.14 -0.2119 598.66
0.0355 1588.70 0.1778 730.19 0.4303 905.26 0.5814 1037.39 0.7325 830.27 0.8836 820.59 -0,2225 611.48
0.0376 1554.81 0.1799 726.43 0.4325 910.64 0.5836 1036.23 0.7347 824.57 0.8858 826.72 -0.2260 578.11
0.0397 1540.27 0.1820 728.13 0.4347 916.80 0.5858 1035.27 0.7370 823.16 0.8881 830.03 -0.2295 599.33
0.0418 1495.40 0.1841 728.99 0.4370 919.72 0.5881 1028.86 0.7392 829.07 0.8903 831.29 -0.2330 597.24
0.0439 1446.21 0.1862 723.52 0.4392 923.57 0,5903 1020.11 0.7414 827.40 0.8925 845.59 -0.2401 620.95
0.0460 1384.20 0.1883 714.94 0.4414 925.68 0.5925 1013.39 0.7436 825,74 0.8947 845.02 -0.2436 622.24
0.0481 1322.51 0.1904 717.08 0.4436 927.69 0.5947 1014.38 0.7458 818.71 0.8969 842.10 -0.2471 648.t7
0.0502 1291,71 0.1925 722,80 0.4459 930.32 0,5970 t007.49 0.7481 823.41 0.8992 845.49 -0.2507 613.47
0.0523 1255.78 0,1946 721,81 0.4481 933.07 0,5992 1002.01 0.7503 821.09 0.9014 855.91 -0.2542 585.76
0.0544 1211.64 0.1967 716.19 0.4503 936.15 0.6014 997.16 0.7525 819.72 0.9036 869.16 -0.2577 604.55
0.0565 1184.28 0.1988 721.88 0.4525 939.86 0.6036 995.06 0.7547 812.48 0.9058 867.15 -0.2612 615.49
0.0585 1147.73 0.2009 731.94 0.4547 941.15 0.6058 990.51 0.7570 820.23 0.9081 865.77 -0.2648 621.29
0.0606 1119.73 0.2030 724.80 0.4570 946.49 0.6081 992.02 0.7592 807.22 0.9103 874.92 -0,2683 611,92
0.0627 1097,53 0,2050 717,62 0.4592 946.03 0.6103 986,29 0.7614 805.76 0.9125 887.16 -0.2718 598,56
0.0648 1064.28 0.2071 710,33 0,4614 946.93 0,6125 981,19 0.7636 816.30 0.9147 885.04 -0.2753 625.66
0.0669 1040.55 0.2092 707.36 0.4636 948.72 0.6147 975.45 0.7658 804.11 0,9169 895,25 -0.2859 605.63
0.0690 1018,42 0.2113 715.25 0.4659 950.61 0,6170 971.43 0.768i 805.27 0.9192 909.83 -0.2894 624.63
0.0711 1001.07 0.2134 714.09 0,4681 954.29 0.6192 976.50 0,7703 807.57 0.9214 919.41 -0.2929 625.59
0.0732 989.91 0.2155 708.55 0.4703 956.00 0.6214 970.5i 0.7725 799.57 0.9236 926.04 -0.296,5 596.90
0.0753 972.92 0.2176 702.34 0.4725 955.48 0.6236 971.09 0.7747 803.93 0.9258 926.10 -0.3000 602.44
0.0774 959.02 0.2197 702.50 0.4747 955.25 0.6258 967.51 0.7770 806.40 0.9281 938.42 -0,3035 612.03
0.0795 948.98 0.2218 705.37 0.4770 960.19 0.6281 965.14 0.7792 804.51 0.9303 956.32 -0.3070 617.86
0.0816 939.09 0.2239 700.55 0,4792 963.11 0.6303 959.24 0,7814 801.13 0.9325 968.i5 -0.3106 590.99
0,0837 925.92 0.2260 701.65 0.4814 961.15 0.6325 950.89 0.7836 801.47 0.9347 969.10 -0.3141 596.36
0.0858 912.81 0.2281 705.12 0,4836 964.92 0.6347 948.65 0.7858 801.23 0.9369 980.60 -0.3176 596.25
0.0878 902.97 0.2302 695,36 0.4859 966.39 0.6370 943.33 0.7881 796.83 0.9392 990,73 -0,3211 609.70
0.0899 892.36 0.2302 692.31 0.4881 966.70 0.6392 948.57 0.7903 804.05 0.9414 1006,52 -0,3247 617,52
0.0920 880.59 0.2334 696.31 0.4903 969.40 0.6414 939,86 0.7925 800.94 0.9436 1017.80 -0.3282 607.28
0.0941 868.98 0.2366 703.64 0.4925 971.62 0.6436 934.32 0.7947 800,80 0.9458 1032.30 -0.3317 594,77
0.0962 859.16 0.2398 701.40 0.4947 973.17 0.6458 929,14 0.7969 792.31 0.9481 1038.00 -0.3352 599.56
0.0983 844.22 0.2430 694.66 0.4970 977.79 0.6481 927.45 0.7992 792.14 0,9503 1045.21 -0.3387 599.42
0.1004 838.23 0.2461 690.86 0.4992 982.47 0.6503 927.45 0.8014 786.85 0.9525 1061.73 -0.3423 599.82
0.1025 831.54 0.2493 694.55 0.5014 983.92 0.6525 921.28 0.8036 796.44 0.9547 1082.20 -0.3458 595.79
0.1046 831.56 0.2525 694.69 0.5036 987.24 0.6547 920,08 0,8058 798.27 0.9569 1108.01 -0,3493 599.97
0.1067 825.84 0,2557 697.67 0,5059 989.65 0.6570 916.08 0.8081 791.24 0.9592 1131.76 -0.3528 615.65
0,1088 819,83 0,2589 704.49 0.5081 991.55 0.6592 914,34 0,8103 797.10 -0.3564 602.86
0.1109 817,93 0,2621 721.10 0.5103 992.83 0.6614 912.49 0.8125 792.49 X/PL Nu -0,3599 616.40
0.1130 810,70 0.2653 713,51 0.5125 989,99 0.6636 909.27 0,8147 794.09 -0.0056 1456,59 -0.3634 613,92
0.1151 808.19 0.2685 710,97 0,5147 997,52 0.6658 912,20 0,8169 785.68 -0.0141 1408.68 -0.3669 594,65
0.1171 809,74 0.2717 717.80 0.5170 1001,73 0.6681 901.30 0.8i92 798.08 -0.0227 1376.72 -0.3705 599.14
0.1192 804.24 0.2749 706.76 0.5192 1002.12 0.6703 908.43 0.8214 790.76 -0.0313 1484.55 -0.3740 599.84
0.1213 790.18 0.2781 699.61 0.5214 1006.24 0.6725 899.72 0.8236 790.46 -0.0398 1349.20 -0.3775 599.16

0.1234 779.73 0.2813 696.30 0.5236 1004.08 0.6747 892.68 0.8258 786.68 -0,0484 1219.49 -0.3810 597.03

0.1255 783.36 0.2845 704.93 0.5259 1014.82 0.6770 893.57 0.8281 787.00 -0.0869 1141.84 -0.3846 600.01
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.3881 604.62 -0.6692 639.22 -0.8726 697.34 0.0906 634.41 0.2224 633.42 0.4681 775.03 0.6192 857.37
.0.3916 601.02 -0.6721 647.40 -0.8756 707.24 0.0926 618.42 0.2243 613.88 0.4703 775.85 0.6214 859.39
-0.3951 601.77 -0.6751 643.32 .0.8786 698.24 0.0945 607.35 0.2263 635.90 0.4725 777.80 0.6236 880.20
•0.3986 607.34 -0.6781 644.56 .0.8816 695.54 0.0965 606.67 0.2282 647.49 0.4747 787.19 0.6258 850.58
-0.4022 606.57 .0.6811 642.04 .0.8845 715.16 0.0984 595.87 0.2302 631.76 0.4770 783.03 0.6281 839.22
-0.4057 600.63 -0.6841 641.40 -0.8875 710.80 0.1003 587.00 0.2302 596.17 0.4792 788.25 0.6303 843.55
-0.4092 600.66 -0.6871 645.90 .0.8905 719.55 0.1023 587.18 0.2334 611.06 0.4814 793.97 0.6325 835.35
-0.4127 600.52 -0.6901 632.42 -0.8935 738.90 0.1042 584.00 0.2366 593.01 0.4836 790.16 0.6347 842.57
-0.4163 606.22 -0.6931 625.21 -0.8965 748.37 0.1061 571.34 0.2398 589.84 0.4859 790.25 0.6370 824.89
-0.4198 603.00 .0.6961 627.00 .0.8995 769.20 0.1081 566.00 0.2430 587.31 0.488i 793.87 0.6392 830.07
.0.4233 634.42 .0.6991 628.41 -0.9025 761.64 0.1100 563.46 0.2461 584.25 0.4903 794.99 0.6414 823.19
-0.4268 601.49 -0.7021 618.12 .0.9055 751.22 0.1120 556.86 0.2493 580.97 0.4925 797.05 0.6436 826.65
-0.4304 602.60 -0.7051 620.52 -0.9174 881.44 0.1139 554.42 0.2525 588.17 0.4947 805.76 0.6458 820.40
-0.4339 603.40 .0.7080 622.38 -0.9204 788.75 0.1158 551.30 0.2557 576.37 0.4970 805.45 0.6481 842.11
-0.4374 603.42 -0.7110 620.64 -0.9234 800.82 0.1178 548.22 0.2589 579.42 0.4992 809.03 0.6503 841.86
-0.4409 607.43 -0.7140 627.63 -0.9264 804.15 0.1197 543.04 0.2621 582.65 0.5014 810.40 0.6525 839.70
-0.3999 584.49 -0.7170 622.32 .0.9294 806.84 0.1216 543.08 0.2653 596.28 0.5036 812.11 0.6547 835.27
-0.4418 559.89 -0.7200 623.08 -0.9324 818.85 0.1236 544.09 0.2685 615.30 0.5059 812.58 0.6570 814.84
-0.4448 566.11 -0.7230 624.72 -0.9354 822.78 0.1255 542.31 0.2717 626.81 0.5081 819.27 0.6592 825.76
-0.4478 560.83 .0.7260 635.70 -0.9384 823.67 0.1275 556.89 0.2749 632.57 0.5103 819.41 0.6614 821.81
-0.4508 564.30 -0.7290 628.30 -0.9414 838.68 0.1294 555.59 0.2781 636.81 0.5125 832.07 0.6636 836.01
-0.4538 563.66 -0.7320 629.98 .0.9444 864.41 0.1313 586.36 0.2813 664.21 0.5147 827.02 0.6658 817.69
-0.4568 576.36 -0.7350 619.35 -0.9474 876.66 0.1333 609.84 0.2845 741.50 0.5170 839.44 0.6681 805.10
.0.4597 574.90 .0.7380 616.47 .0.9504 876.35 0.1352 618.08 0.2877 784.13 0.5192 844.68 0.6703 791.45
-0.4627 568.81 -0.7409 613.76 -0.9533 896.10 0.1371 588.64 0.2909 663.22 0.5214 846.73 0.6725 815.75
-0.4657 568.18 -0.7439 612.56 -0.9563 918.38 0.139i 560.54 0.2941 653.96 0.5236 843.47 0.6747 824.02
•0.4687 573.37 -0.7469 624.44 -0.9593 916.52 0.1410 572.48 0.2973 626.97 0.5259 852.16 0.6770 811.11
-0.4717 567.25 -0.7499 633.78 -0.9623 933.03 0.1430 596.51 0.3005 634.30 0.5281 852.43 0.6792 813.35
-0.4747 585.67 .0.75'29 618.20 -0.965,3 936.74 0.1449 650.78 0.3037 620.55 0.5303 854.88 0.6814 812.62
-0.4777 579.47 -0.7559 615.24 -0.9683 936.83 0.1468 657.55 0.3069 642.33 0.5325 859.26 0.6836 780.65
.0.4807 635.52 -0.7589 612.44 -0.9713 956.14 0.1488 675.31 0.3836 645.45 0.5347 870.72 0.6858 775.29
.0.4837 624.59 .0.7619 620.79 -0.9743 942.69 0.1507 671.89 0.3859 652.13 0.5370 871.02 0.6881 777.16
.0.5375 618.79 -0.7649 632.30 -0.9773 971.45 0.1526 653.66 0.3881 651.93 0.5392 877.66 0.6903 780.98
.0.5405 636.41 .0.7679 622.44 -0.9803 977.94 0.1546 665.30 0.3903 651.72 0.5414 875.99 0.6925 762.27
-0.5435 594.13 -0.7709 626.90 -0.9833 1029.73 0.1565 664.33 0.3925 658.81 0.5436 894.49 0.6947 761.99
-0.5465 592.54 -0.7739 633.95 -0.9863 1031.52 0.1585 658.51 0.3947 666.04 0.5459 890.35 0.6970 768.55
.0.5495 586.28 -0.7768 615.98 .0.9892 1040.83 0.1604 644.79 0.3970 669.62 0.5481 891.15 0.6992 757.27
.0.5525 586.80 -0.7798 625.15 -0.9922 1042.14 0.1623 636.96 0.3992 672.73 0.5503 900.71 0.7014 747.49
-0.5555 579.75 .0.7828 614.27 CASEL-Nu 0.1643 631.36 0.4014 679.19 0.5525 897.95 0.7036 750.55
-0.5585 578.35 .0.7858 613.74 0.1662 628.05 0.4036 679.06 0.5547 901.90 0.7058 738.38
-0,5615 582.33 .0.7888 613.12 X/SL Nu 0.1682 630.11 0.4059 688.89 0.5570 914.55 0.7081 746.26
-0.5645 578.19 -0.7918 627.00 0.0383 859.40 0.1701 637,44 0.4081 694.71 0.5592 910.91 0.7103 747.24
-0.5674 654.21 -0.7948 632.59 0.0403 875.57 0.1720 645.68 0,4103 695,82 0.5614 905.84 0.7125 750.70
-0.5704 618.43 -0.7978 641.08 0.0422 883.30 0.1740 632.03 0.4125 697,91 0.5636 915.84 0.7147 761.28
-0.5734 578.35 -0.8008 628.12 0.0441 886.34 0.1759 631.76 0.4147 708,36 0.5658 916.88 0.7170 762.83
-0.5764 587.30 -0,8038 620.94 0.0461 893.12 0.1778 635.81 0.4170 715.35 0.5681 913.28 0.7192 742.45
.0.5914 596.03 -0.8068 618.19 0.0480 898.98 0.1798 631.62 0.4192 720.27 0.5703 914.60 0.7214 747,88
-0.5944 590.54 -0.8098 634.03 0.0499 898.91 0.1817 636.35 0.4214 714.47 0.5725 920.42 0.7236 769.66
-0.5974 595.90 -0.8127 629,60 0.0519 890.14 0.1837 631.23 0.4236 722.66 0.5747 916.68 0.7258 772.37
.0.6003 594.49 -0.8157 637.41 0.0538 867.34 0.1856 657.15 0.4259 723.41 0.5770 914.02 0.7281 769.71
-0.6033 590.26 -0.8187 647.00 0.0558 872.48 0.1875 647.42 0.4281 732.57 0.5792 903.29 0.7303 713.06
-0.6063 644.32 '0.8217 653.82 0._-77 86i.57 0.i895 675.40 0.4303 737.35 0.5814 903.10 0.7325 742.57
-0,6093 603.02 -0.8247 645.89 0.0596 857.58 0.1914 697.86 0.4325 740.51 0.5836 907.04 0.7347 753.00
-0.6123 601.64 -0.8277 646.74 0.0616 844.51 0.1933 686.10 0.4347 738.10 0.5858 891,69 0.7370 730.77
-0.6153 611.02 -0.8307 648.62 0.0635 824.26 0.1953 671.51 0.4370 746.16 0.5881 897.46 0.7392 713.81
-0.6183 651.34 -0.8337 655.43 0.0654 801.77 0.1972 680.07 0.4392 746.22 0.5903 888.73 0.7414 721.16
-0.6273 619.50 -0.8367 6,54.16 0.0674 781.10 0.1992 680.27 0.4414 755.96 0.5925 892.77 0.7436 725.82
-0.6303 610.94 -0.8397 674.43 0.0693 764.76 0.2011 690.02 0.4436 754.11 0.5947 880.02 0.7458 709.35
-0.6362 614.88 -0.8427 657.90 0.0713 740.12 0.2030 675.07 0.4459 755.79 0.5970 876.53 0.7481 706.32
-0.6392 621.87 -0.8457 673.65 0.0732 720.58 0.2050 673.98 0.4481 760.95 0.5992 880.27 0.7503 700.40
-0.6422 577.26 -0.8486 692.15 0.0751 711.27 0.2069 643.46 0.4503 764.18 0.6014 872.23 0.7525 696.85
-0.6452 623.24 -0.8516 685.09 0.0771 703.90 0.2088 652.42 0.4525 761.87 0.6036 881.40 0.7547 704.76
-0.6482 659,44 -0,8546 707.88 0.0790 687.49 0.2108 645.53 0,4547 764.12 0.6058 865.43 0.7570 705.78
.0.6512 623.79 -0.8576 700.23 0.0810 671.65 0.2127 649.19 0.4570 766.77 0.6081 876.97 0.7592 709.90
-0.6572 618.25 -0.8606 800.07 0.0829 665.08 0.2147 635.00 0.4592 772.30 0.6103 888.10 0.7614 715.46
-0.6602 624.02 -0.8636 698.42 0.0848 656.18 0.2i66 632.86 0.46i4 770.45 0.6125 871.36 0.7636 712.21
-0.6632 625.72 -0.8666 698.69 0.0868 648.82 0.2185 662.88 0.4636 773.13 0.6147 872.58 0.7658 704.91
-0.6662 618.14 -0.8696 698.45 0.0887 637.11 0.2205 640.26 0.4659 774.98 0.6170 870.98 0.7681 692.21
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.7703 698.34 0.9214 875.99 -0,29(]_; 413.97 -0.5734 384.92 -0,7768 381.22 -0.9803 533.80 0.1566 0.3900

0.7725 704.90 0.9236 885,40 -0.2936 412.13 -0,5764 385.35 -0.7798 381.66 -0.9833 539.77 0.1585 0.3800
0.7747 702.81 0.9258 887.99 -0.2971 418,67 -0,5794 386,39 -0,7828 382.65 -0,9863 548.03 0.1605 0.3860
0.7770 671.63 0.9281 899.93 -0.3007 411,43 -0,5824 386.63 -0.7858 382.69 -0.9892 555.30 0.1624 0.3890

0.7792 685.19 0.9303 916.43 -0,3042 410,25 -0.5854 386.65 -0.7888 381.53 -0.9922 561.36 0.1643 0.3900
0,7814 680.32 0.9325 923.54 -0,3077 409.75 -0.5884 387.22 -0,7918 380.43 0.1663 0.4000

0.7836 700.33 0.9347 943.32 -0,3112 409.70 -0.5914 388.25 -0,7948 380.26 0.1682 0.3780
0.7858 697.15 0,9369 954.17 -0.3148 408.82 -0.5944 389.22 -0.7978 380.54 CASEL-n 0.1701 0.3900

0,7881 695.55 0,9392 966,34 -0,3183 406.33 -0.5974 389.99 -0.8(308 381.09 0.1721 0.3960
0.7903 684.52 0.9414 980.24 -0.3218 405.06 -0.6003 390.26 -0,8038 381.32 X/SL 11 0.1740 0.3990
0.7925 688,99 0.9436 983.67 -0.3253 404.57 -0.6033 389,81 -0,8068 383,06 0,0442 0.5012 0.1760 0.4001
0.7947 698.04 0.9458 1012.05 -0.3289 403,96 -0.6063 391.53 -0,8098 383,24 0.0461 0,4824 0.1779 0.4000
0.7969 674.37 0.9481 1057.27 -0.3324 403,33 -0,6093 391,91 -0,8127 382.94 0,0481 0,4509 0.1798 0.3981
0.7992 693,67 0,9503 1050.95 -0.3359 402.55 -0.6123 392.03 -0.8157 381.55 0.0500 0,3767 0.1818 0,4005
0,8014 681,66 0,9525 1008.47 -0.3394 401.97 -0.6153 393.29 -0,8187 382.04 0.0519 0,3336 0.1837 0.3980
0.8036 688,49 0,9547 1030.32 -0.3430 402.27 -0.6183 394,51 -0.8217 382,68 0.0539 0.2872 0,1856 0.3890
0.8058 678,98 0,9569 1149.22 -0.3465 402,28 -0.6213 396.78 -0.8247 383.83 0.0558 0,2567 0,1876 0,3780
0,8081 663,53 0.9592 1207.36 -0.3500 402.43 -0.6243 396.28 -0.8277 385.01 0.0577 0.2275 0.1895 0.3900
0.8103 656.50 -0.3535 402,62 -0.6273 396,35 -0.8307 385.70 0.0597 0.2073 0.1915 0.4000
0.8125 661.71 X/l_l. Nu -0.3571 403.09 -0,6303 396.04 -0.8337 385.76 0.0616 0,1983 0.1934 0.3998
0.8147 655.74 -0.0103 1293.93 -0.3606 403.31 -0.6333 395.90 -0.8367 386.48 0.0636 0.1827 0,1953 0.4100
0.8169 652,08 -0,0189 1343.11 -0.3641 403.22 -0,6362 396,95 -0.8397 386.94 0.0655 0.1785 0.1973 0.4092
0.8192 648,41 -0,0274 1183.71 -0.3676 402.82 -0.6392 396.57 -0.8427 387.84 0.0674 0.1754 0,1992 0.4110
0.8214 649.83 -0.0360 1003.79 -0.3711 403,56 -0.6422 395.30 -0.8457 388.79 0.0694 0,1734 0.2011 0.4056
0.8236 656.13 -0.0445 898.47 -0.3747 403.06 -0.6452 395.92 -0.8486 389.06 0.0713 0.1536 0.2031 0.4008
0.8258 646.12 -0,0531 773.56 -0.3782 402.65 -0,6482 397.16 -0.8516 389.24 0.0732 0.1581 0,2050 0.3951

0.8281 646.05 -0.0616 682,81 -0.3817 401,88 -0,6512 396.54 -0.8546 389.97 0.0752 0.1576 0.2070 0.3956
0.8303 645,39 -0.0702 630.46 -0.3852 401,57 -0.6542 396.65 -0,8576 390.84 0.0771 0.1443 0.2089 0.3896

0.8325 647.46 -0.0787 587.55 -0,3888 400.40 -0,6572 397.05 -0,8606 392.05 0.0791 0.1406 0,2108 0,3955
0.8347 643.29 -0,0873 528.49 -0.3923 400,67 -0.6602 396.58 -0,8636 393.32 0.0810 0.1512 0.2128 0.3843
0.8369 646.70 -0.0958 496,25 -0.3958 400.10 -0,6632 396.22 -0,8666 394.56 0,0829 0.1415 0.2147 0.3809

0.8392 652.70 -0.1044 463,16 -0,3993 399,59 -0,6662 396.70 -0,8696 396.10 0,0849 0.1456 0.2166 0.3866
0.8414 660.37 -0.1130 440.42 -0.4029 399,02 -0.6692 400.44 -0.8726 397.93 0.0868 0,1398 0.2186 0.3780

0.8436 649.46 -0.1215 425.49 -0,4064 398.36 -0.6721 397.28 -0.8756 399.42 0.0888 0.1507 0.2205 0.3890
0.8458 654.31 -0.1301 405,78 -0.4099 398.30 -0.6751 396.98 -0.8786 400.07 0.0907 0.1516 0,2225 0.3786
0,8481 659.42 -0.1386 397,39 -0.4134 398.68 -0.6781 398.42 -0.8816 401.64 0.0926 0,1499 0.2244 0.3799
0,8503 666.93 -0.1472 384.37 -0,4170 398.37 -0.6811 397.58 -0.8845 404.23 0,0946 0.1419 0.2263 0.3625
0.8525 671.59 -0.1557 397.41 -0.4205 397,76 -0,6841 396.82 -0.8875 406.47 0,0965 0.1431 0.2283 0,3539
0.8547 685.07 -0.1643 395,06 -0.4240 397.59 -0.6871 396.04 -0.8905 407.94 0,0984 0,1484 0.2302 0.3578
0.8569 681.45 -0.1728 400.23 -0.4275 397.42 -0.6901 397.17 -0.8935 410.46 0.1004 0.1579 0.2302 0.3592
0,8592 681.31 -0.1814 383.45 -0.4310 397.57 -0.6931 397.52 -0.8965 412,64 0,1023 0.1560 0,2334 0.3617
0,8614 693.28 -0.1899 358.57 -0,4346 397.82 -0.6961 396,77 -0,8995 414.92 0.1043 0.1638 0.2366 0.3653
0.8636 702.49 -0.1985 320.80 -0.4381 396.74 -0.6991 396,18 -0,9025 418.02 0.1062 0.1574 0,2398 0,3665
0.8658 710.53 -0.2020 326,85 -0,4416 396.47 -0.7021 392,81 -0,9055 421.23 0.1081 0.1625 0.2430 0,3659
0.8681 714.48 -0,2055 320,06 -0,4451 396.73 -0.7051 391.70 -0.9085 425.24 0.1101 0.1659 0,2462 0,3720
0.8703 715.86 -0,2091 335.54 -0.4487 396.97 -0.7080 391.07 -0,9115 428.13 0.1120 0.1642 0,2494 0.3758
0.8725 722.94 -0.2126 354.12 -0.4522 396.60 -0.7110 391,33 -0.9145 430.80 0.1139 0.1622 0,2526 0,3737
0.8747 719.00 -0.2161 346.68 -0.4557 396,34 -0,7140 390,60 -0.9174 434.32 0.1159 0.1840 0.2558 0.3751
0.8769 734,61 -0.2196 348.81 -0.4592 394.72 -0.7170 389.04 -0.9204 438.64 0.1178 0.1820 0,2590 0,3818
0,8792 747.67 -0.2232 380.76 -0,4628 392,64 -0.7200 388.20 -0.9234 441.87 0.1198 0.1752 0,2622 0.3828
0.8814 751.68 -0.2267 362.20 -0.4663 391.44 -0.7230 388,16 -0.9264 445.56 0.1217 0.1789 0.2654 0.3832
0.8836 756.16 -0.2302 356,26 -0.4698 389.97 -0.7260 388.83 -0.9294 448.97 0.1236 0.1789 0.2686 0.3946
0,8858 765.61 -0,2337 372.38 -0.4733 388.77 -0.7290 387.70 -0.9324 453.20 0.1256 0,1853 0.2718 0.4016
0.8881 767.93 -0.2372 383.88 -0.4769 387,50 -0.7320 384.72 -0.9354 456.41 0.1275 0.1955 0.2750 0.3860
0.8903 769,08 -0.2408 392.37 -0.4804 385,33 -0.73_50_ 3_84.46 -0.9384 461.42 0.1294 0.2060 0.2782 0.4203
0.8925 778.32 -0.2443 406.41 -0,4839 384.15 -0.7380 385.66 -0.9414 464,87 0.1314 0.2204 0.2814 0.4807
0.8947 779.59 -0,2478 408.40 -0,4874 382.15 -0.7409 386.65 -0,9444 469.99 0,1333 0.2354 0.2846 0,5131
0.8969 790.27 -0,2513 419.36 -0,4910 381,10 -0.7439 386.83 -0.9474 473,04 0,1353 0.2484 0.2878 0.5311
0.8992 801.55 -0.2549 422.76 -0,5435 382.06 -0.7469 384.57 -0.9504 476,91 0.1372 0.2558 0.2910 0.4202
0,9014 804,23 -0.2584 423.05 -0.5465 381.84 -0.7499 382,98 -0.9533 482.15 0.1391 0.2689 0.2942 0.5410

0.9036 810.36 -0.2619 419,26 -0.5495 380.87 -0.7529 382.28 -0.9563 485.54 0.1411 0.3179 0.2974 0.5335
0.9058 817,55 -0.2654 414.46 -0.5525 381.78 -0.7559 38i.66 -0,9593 490.87 0.1430 0.3522 0.3006 0,5535

0.9081 822.79 -0.2690 404.96 -0.5555 381.62 -0,7589 381.57 -0.9623 495.67 0.1449 0.3400 0,3038 0.5662
0.9103 828.06 -0.2725 412,86 -0.5585 382.02 -0.7619 381.22 -0.9653 501.13 0.1469 0.3500 0.3069 0.4338
0.9125 844.81 -0.2760 411.27 -0.5615 382.55 -0.7649 380.43 -0.9683 507.41 0.1488 0.3600 0.3837 0.3678
0.9147 847.17 -0.2795 417,92 -0.56,45 383.24 -0.7679 380.16 -0.9713 512.89 0.1508 0.3700 0.3837 0.3535
0.9169 848,88 -0.2831 415.79 -0.5674 384.02 -0.7709 380.36 -0.9743 519.75 0.1527 0.3500 0.3859 0.3380
0.9192 866,66 -0.2866 414.50 -0.5704 385.12 -0.7739 380.76 -0,9773 526.29 0.1546 0.3800 0.3881 0.3345
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.3904 0.3383 0.5415 0.2397 0.6926 0.1922 0.8481 0.0899 -.0.2020 0.2658 --0,4416 0.1829 -0.6631 0.1447
0.3926 0.3403 0.5437 0.2392 0.6948 0.1982 0,8503 0.0880 -0.2055 0.2457 -0.4451 0.1820 -0.6661 0.1442
0.3948 0.3254 0.5459 0,2335 0.6970 0.2047 0.8526 0.0873 -0.2090 0.2517 -0.4486 0.1829 -0.6691 0.1477
0.3970 0.3193 0,5481 0.2283 0.6992 0.1776 0,8548 0.1076 -0.2125 0.2513 -0,4521 0.1811 -0.6721 0.1434
0.3992 0.3457 0.5503 0.2421 0.70t4 0.1780 0.8570 0.1052 -0.2161 0.2684 -0,4557 0.1786 -0.6751 0.1414
0.4015 0.3375 0.5526 0.2269 0.7037 0.1750 0.8592 0.1025 -0.2196 0.2898 -0.4592 0.1778 -0.6781 0.1426
0.4037 0.3403 0.5548 0.2198 0.7059 0.1702 0,8614 0.1059 -0.2231 0.3153 -0.4627 0.1786 -0.6811 0.1370
0.4059 0.3463 0.5570 0,2233 0.7081 0.1742 0,8637 0.1152 -0.2266 0.2787 -0.4662 0.1783 -0.6841 0.1376
0.4081 0.3533 0.5592 0.2277 0.7103 0,1942 0.8659 0.1000 -0.2302 0.2598 -0.4698 0.1771 -0.6871 0.1357
0.4104 0.3513 0.5615 0.2250 0.7126 0.1711 0,8681 0.0950 -0.2337 0.2683 .0.4733 0.1774 .0.6900 0.1379
0.4126 0.3433 0.5637 0.2359 0.7148 0.1851 0.8703 0.0890 .0.2372 0.2701 -0.4768 0.1779 -0.6930 0.1380
0,4148 0.3453 0.5659 0.2265 0.7170 0.1945 0.8726 0.0930 -0.2407 0.2777 -0.4803 0.1733 -0.6960 0.1368
0.4170 0.3484 0.5681 0.2209 0.7192 0.1932 0.8748 0.0880 -0.2442 0.2861 -0.4839 0.1725 -0.6990 0.1400
0.4192 0.3512 0.5703 0.2117 0.7214 0.1909 0.8770 0.0940 -0.2478 0.2798 .-0,4874 0.1689 -0.7020 0.1328
0.4215 0.3438 0.5726 0.2250 0.7237 0.1990 0.8792 0.1000 -0.2513 0.2866 -0.4909 0.1718 .0.7050 0,1300
0.4237 0.3361 0.5748 0.22.53 0.7259 0.1898 0.8814 0.1030 -0.2548 0.2938 .0.4944 0.1718 -0.7080 0.1309
0,4259 0.3352 0.5770 0.2175 0.7281 0.2029 0.8837 0,1100 -0.2583 0.3098 -0.4979 0.1712 -0.7110 0.1297
0.4281 0.3373 0.5792 0.1997 0.7303 0.1696 0.8859 0.1200 -0.2619 0.3177 -.0.5015 0.1705 -0.7140 0.1281
0.4304 0.3361 0.5815 0.2026 0.7326 0.1902 0.8881 0.1230 -0.2654 0.3223 -0.5050 0.1700 -0.7170 0.1229
0.4326 0.3362 0.5837 0.2247 0.7348 0.2032 0.8903 0.1020 -0.2689 0.3045 -0.5085 0.1661 -0.7200 0.1215
0.4348 0.3316 0.5859 0.2168 0.7370 0.1869 0.8926 0.1000 -0.2724 0.3080 -0.5120 0.1659 -0.7230 0.1207
0.4370 0.3367 0.5881 0.2241 0.7392 0.1720 0.8948 0.1100 -0.2760 0.2918 -0.5156 0.1665 -0.7259 0.1220
0.4392 0.3281 0.5903 0.2131 0.7414 0.1727 0.8970 0.1200 -0.2795 0.2908 -0.5191 0.1654 -0.7289 0.1209
0.44i5 0.3317 0.5926 0.2207 0.7437 0.1802 0.8992 0.0890 -0.2830 0.2728 ..0.5226 0.1663 -0.7319 0.1115
0.4437 0.3327 0.5948 0.2031 0.7459 0.1749 0.9014 0.1040 -0.2865 0.2682 --0,526i 0.1691 -0.7349 0.1140
0.4459 0.3313 0.5970 0.2061 0.7481 0.1630 0.9037 0.0890 -0.2901 0.2752 --0.5297 0.1652 -0.7379 0.1184
0.4481 0.3308 0.5992 0.2117 0.7503 0.1582 0.9059 0.0960 -0.2936 0.2716 -0.5332 0.1649 -0.7409 0.1213
0.4503 0.3313 0,6015 0.2255 0.7526 0.1568 0.9081 0.0990 -0.2971 0.2863 -0.5367 0.1640 -0.7439 0.1204
0.4526 0.3277 0.6037 0.2082 0.7548 0.1690 0.9103 0.1-]00 -0.3006 0.2730 -0.5402 0.1612 -0.7469 0.ii58
0.4548 0.3211 0.6059 0.1951 0.7570 0.1650 0.9126 0.1200 -0.304i 0.2646 -0,5438 0.1590 -0.7499 0.1142
0.4570 0.3271 0.6081 0._5 0.7592 0.1716 0.9148 0.1080 -0.3077 0,2553 -0.5473 0.1583 -0.7529 0.1125
0.4592 0.3208 0.6103 0.2245 0.7614 0.1698 0.9170 0.1100 -0.3112 0.2577 -0,5508 0.1570 -0.7559 0.1123
0.46i5 0.3232 0.6126 0.2113 0.7637 0.1641 0.9192 0.0990 -0.3147 0.2489 -0.5543 0,1549 -0.7588 0.1126
0.4637 0.3219 0.6148 0.2110 0.7659 0.1668 0.9214 0.11300 -0.3182 0.2375 -0.5579 0.1553 -0.76i8 0.i122
0.4659 0.3206 0.6170 0.2154 0.7681 0.1555 0.9237 0.1060 -0.3218 0.2313 -0.5614 0.1545 -0.7648 0.1097
0.4681 0.3228 0.6192 0.2161 0.7703 0.1571 0.9259 0,1276 -0.3253 0.2282 -0.5649 0.1502 -0.7678 0.1080
0.4703 0.3163 0.6215 0.2178 0.7726 0.1651 0.9281 0.1308 -0.3288 0.2238 -0.5684 0.1375 -0.7708 0.1096
0.4726 0.3092 0.6237 0.2232 0.7748 0.1683 0.9303 0.1100 -0.3323 0.2140 -0.5704 0.1358 -0.7738 0.1107
0.4748 0.3135 0.6259 0.2054 0.7770 0.1485 0.9325 0.1178 -0.3359 0.2116 -0.5734 0.1359 -0.7768 0.1141
0.4770 0.3093 0.6281 0.2112 0.7792 0.1538 0.9348 0.1160 -0.3394 0.2064 -0.5764 0.1345 -0.7798 0.1139
0.4792 0.3042 0.6303 0.2106 0.7814 0,1486 0.9370 0.1219 -0.3429 0.2040 -0.5794 0.1378 -0.7828 0,1166
0.4815 0.3066 0.6326 0.2036 0.7837 0.1569 0.9392 0.1150 -0.3464 0.2011 -0.5823 0.1374 -0.7858 0,1140
0.4837 0.3062 0.6348 0.2037 0.7859 0.1541 0.9414 0.1194 -0.3500 0.2000 -0.5853 0.1388 -0,7888 0.1111
0.4859 0.3004 0.6370 0.1897 0.7881 0.1565 0.9437 0.1027 -0.3535 0.2012 -0.5883 0.1405 -0.7918 0.1118
0.4881 0.2937 0.6392 0.1928 0.7_ 011_ 0.9459 0.0780 -0.3570 0.2041 -0.5913 0.1407 -0.7947 0.1113
0.4903 0.2842 0.6415 0.1913 0.7926 0.1505 0.9481 0.0933 -0.3605 0.2059 -0.5943 0.1450 -0.7977 0.1111
0.4926 0.2921 0.6437 0.1854 0.7948 0.1571 0.9503 0.1482 -0.3640 0.2031 -0.5973 0.1453 -0.8007 0,1118
0.4948 0.2923 0.6459 0.2131 0.7970 0.1384 0.9525 0.1207 -0.3676 0.2032 -0.6003 0.1439 -0.8037 0.1116
0.4970 0.2918 0.6481 0.2175 0.7992 0.1523 0.9548 0.0420 -0.3711 0.2068 -0.6033 0.1447 -0.8067 0.1163
0.4992 0.2852 0.6503 0.2212 0.8014 0.1428 0.9570 0.0695 -0.3746 0.2027 -0.6063 0.1461 -0.8097 0.1109
0.50i5 0.2837 0.6526 0.2007 0.8037 0.1499 0.9592 0.1065 -0.3781 0.2029 -0.6093 0.1468 -0.8127 0.1095
0.5037 0.2830 0.6548 0.1982 0,8059 0.1418 -0.3817 0,2004 -0.6123 0.1471 -0.8157 0.1037

0.5059 0.2721 0.6570 0.2090 0.8081 0.1284 X/PL 11 -0.3852 0.1983 -0.6153 0.1454 -0.8187 0.1011
0.5081 0.2758 0.6592 0.2045 0.8103 0.1171 -0.0787 0.4259 -0.3887 0.1967 -0.6182 0.1484 -0.8217 0.1002
0.5103 0.2696 0.6615 0.2001 0.8126 0.1206 -0.0872 0.3484 -0.3922 0.2005 -0.6212 0.1528 -0.8247 0.1015
0.5126 0.2657 0.6637 0.2184 0.8148 0.1136 -0.0958 0.3135 -0.3958 0.1980 -0.6242 0.154i -0,8277 0.1038
0.5148 0.2688 0.6659 0.2184 0.8170 0.1089 -0.1044 0.2959 -0.3993 0.1969 -0.6272 0.1519 -0.8306 0.1058
0.5170 0.2710 0.6681 0.2155 0.8192 0.0996 -0.1129 0.2876 -0.4028 0.1948 -0.6302 0.1530 -0.8336 0.1074
0.5192 0.2718 0.6703 0.1916 0.8214 0.0992 -0.12i5 0.2_ -0.4063 0.1923 -0.6332 0.1508 .0_8366 0.1064
0.5215 0.2717 0.6726 0.1899 0.8237 0.1080 -0.1300 0.2601 -0.4099 0.1921 -0.6362 0.1502 -0.8396 0.1025
0.5237 0.2596 0.6748 0.2197 0,8259 0.0972 -0.1386 0.2730 -0.4134 0.1942 -0.6392 0.1479 -0.8426 0.1026
0.5259 0.2604 0.6770 0.1988 0.8281 0.1014 -0.1471 0.2805 -0.4169 0.1957 -0.6422 0.1487 -0.8456 0.1034
0.5281 0.2561 0.6792 0.2098 0.8348 0.0911 -0.1557 0.2977 -0.4204 0,1943 -0.6452 0.1484 -0.8486 0.1004
0.5303 0.2526 0.6814 0.2146 0.8370 0.0935 -0.1642 0.3125 -0.4240 0,1929 -0.6482 0.1510 -0.8516 0.1022
0.5326 0.2399 0.6837 0.1907 0.8392 0.0936 -0.1728 0.3302 -0.4275 0.1937 -0.6512 0.1473 -0.8546 0.0999
0.5348 0.2492 0.6859 0.1955 0.8414 0.0949 -0.1813 0.3435 -0,4310 0.1930 -0.6541 0.1475 -0.8576 0.1027
0.5370 0.2471 0.6881 0.1972 0.8437 0.0878 -0.1899 0.3384 -0.4345 0.1918 -0.6571 0.1509 -0.8606 0.0998
0.5392 0.2506 0.6903 0.1870 0.8459 0.0880 -0.1954 0.2931 -0.4380 0.1857 -0,6601 0.1491 -0.8636 0.0932
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Appendix 7.2 - Data for Spanwtse Averaged Nusselt Number and Film Cooling Effectiveness

-0.8665 0.0897 0.0887 658.45 0.2205 628.57 0.4659 745.52 0.6170 865.34 0.7681 678,71 0.9192 783.47
-0.8695 0.0916 0.0906 645.24 0.2224 623.15 0.4681 748.54 0.6192 869.32 0.7703 678.84 0.9214 794.48
-.0.8725 0.0953 0.0926 643.29 0.2243 611.64 0.4703 754.95 0,6214 858.07 0.7725 680.85 0.9236 804.62
-0.8755 0.0928 0.0945 627.88 0.2263 610.34 0.4725 755.48 0.6236 851.68 0.7747 676.93 0.9258 811.47
-0.8785 0.0897 0.096,5 615.23 0.2282 607.91 0.4747 764,58 0.6258 847.10 0.7770 678.80 0.9281 820,10
-0.8815 0.0900 0.0984 600.32 0,2302 603.13 0.4770 767.63 0.6281 861.50 0.7792 674,72 0.9303 825.40
..0.8845 0.0928 0.1003 596.82 0,2302 599.34 0.4792 778.86 0.6303 842.88 0.78i4 685.94 0.9325 840.20
-0.8875 0.0939 0,1023 591.28 0.2334 593.42 0.4814 785.07 0.6325 833.02 0.7836 670.77 0.9347 851.87
-0.8905 0.0920 0,1042 579.64 0.2366 597.58 0.4836 787.53 0.6347 835.24 0.7858 669.86 0.9369 872,50
-0.8935 0,0936 0,1061 572.24 0.2398 592.88 0,4859 795.82 0.6370 836.85 0.7881 684.50 0.9392 876,91
-0.8965 0.0939 0.1081 578.04 0,2430 591,88 0,4881 802.09 0.6392 834.86 0,7903 671.83 0,9414 892.67
-0.8995 0.0935 0.1100 574.36 0.2461 594,71 0,4903 806.43 0.6414 825.66 0.7925 665.29 0.9436 896,84
-0.9024 0.0955 0.1120 538.47 0.2493 592.63 0.4925 808.26 0.6436 820.70 0.7947 666.70 0.9458 907,61
-0.9054 0.0967 0.1139 527.58 0.2525 592.96 0.4947 811.67 0.6458 822.91 0.7969 674.90 0.9481 923.26
-0.9084 0.0979 0.1158 534.96 0,2557 596.22 0.4970 819.01 0.6481 835.30 0.7992 668.90 0,9503 937.29
-0.9114 0.0971 0.1178 566.88 0.2589 599.34 0.4992 828.46 0.6503 823.33 0.8014 665.20 0.9525 957.62
-0.9144 0.0961 0.1197 566.12 0.2621 602.47 0.5014 829.67 0.6525 802.42 0.8036 660.60 0.9547 969.02
-0.9174 0.0964 0.1216 544.27 0.2653 606.08 0,5036 834.11 0.6547 806.63 0.8058 658.80 0.9569 1008.57
-0.9204 0.0980 0.1236 546.50 0,2685 615.67 0.5059 844.68 0.6570 820,58 0.8081 666.00 0.9592 1115.77
-0.9234 0.0981 0.1255 548.72 0.2717 629.81 0.5081 844.26 0.6592 812.76 0,8103 667.85
-0.9264 0.1006 0.1275 550.25 0.2749 636.72 0.5103 848.13 0.6614 793.51 0.8125 6,55.17 X/PL Nu
-0.9294 0.1010 0.1294 556.32 0.2781 624.63 0.5125 853.39 0.6636 794,57 0.8147 656.75 -0.0103 1222.24
-0.9324 0.1031 0.1313 571.08 0.2813 629.36 0.5147 858.27 0.6658 802.41 0.8169 662.60 -0.0189 1105.43
-0.9353 0.1028 0.1333 601.12 0.2845 674.25 0.5170 868.44 0.6681 789.75 0.8192 662.64 -0.0274 1029.72
-0,9383 0.1037 0.1352 645.70 0.2877 704.16 0.5192 871.55 0.6703 779.13 0.8214 662.56 -0.0360 968.10
-0.9413 0.1031 0.1371 696.15 0.2909 684.90 0.5214 869.98 0.6725 772.02 0.8236 667.93 -0.0445 889.21
-0.9443 0.1058 0,1391 632.08 0.2941 597.69 0.5236 880.38 0.6747 779.66 0.8258 662.39 -0.0531 805.70
-0.9473 0.1028 0.1410 598.78 0.2973 590.68 0.5259 873.12 0.6770 778.95 0.8281 663.94 -0.0616 736.97
-0.9503 0.1034 0.1430 595.23 0.3005 603.81 0.5281 870.80 0.6792 772.90 0.8303 660.38 -0.0702 691.26
--0.9533 0.1014 0.1449 625.87 0.3037 611.23 0.5303 886,42 0.6814 772.44 0.8325 668.07 -0.0787 640.91
-0.9563 0.0966 0.1468 742.11 0.3069 615.37 0.5325 885.00 0.6836 776.42 0.8347 670.54 ..0.0873 618.24
-0.9593 0.0978 0,1488 761.95 0.3836 570.04 0.5347 892.81 0.6858 773,09 0,8369 666.29 -0.0958 576.30
-0.9623 0.0950 0.1507 740.60 0.3859 583.35 0.5370 8_96.58 0.6881 763.31 0.8392 661.14 -0.1044 566.20
-0.9653 0.0950 0.1526 701.92 0.3881 597.78 0.5392 909.84 0.6903 758.04 0.8414 657.80 -0.1130 531.52
-0.9683 0.0963 0.1546 688.39 0.3903 593.93 0.5414 909.94 0,6925 769.25 0.8436 661.92 -0.1215 522.51
-0.9712 0.0930 0.1565 715.11 0.3925 588.56 0,5436 903.59 0.6947 764.55 0.8458 672.32 -0.1301 496.80
-0.9742 0.0932 0.1585 726.51 0.3947 596.21 0.5459 913.43 0.6970 755.80 0.8481 667.61 -0.1386 468.36
-0.9772 0.0963 0.1604 712.33 0.3970 595.35 0.5481 915.54 0.6992 756.66 0.8503 670.38 -0.1472 466.76
.-0.9802 0,0957 0.1623 707,02 0.3992 610.46 0.5503 9t9.64 0.7014 749.78 0.8525 665.73 -0.1557 443.12
-0.9832 0.0907 0.1643 709.69 0,4014 616.94 0.5525 921.01 0.7036 743.81 0.8547 673.58 -0.1643 444.25
-0.9862 0.0902 0.1662 720.84 0.4036 624.05 0.5547 918.00 0.7058 753.25 0.8569 671.55 -0.1728 424.69
-0.9892 0.0884 0.1682 722.06 0.4059 624.48 0,5570 925.24 0.7081 735.87 0.8592 673.74 .0.1814 431.04
-0.9922 0.0847 0.1701 705.32 0.4081 634.45 0.5592 931.29 0,7103 738.43 0.8614 682.07 -0.1899 428.88
-0.9922 0.0847 0.1720 703.20 0.4103 641,68 0.5614 936,34 0.7125 733.49 0.8636 679.20 -0.1985 420.26

0.1740 697.63 0.4125 653.87 0,5636 927.86 0.7147 735.84 0.86,.58 681.87 -0.2020 425.37
0.1759 708.12 0.4147 654.90 0.5658 919.37 0.7170 728.63 0.8681 678.68 -0.2055 405.86

(_ASEM-Nu 0.1778 716.20 0.4170 657.17 0.5681 924.63 0.7192 726.08 0.8703 683.39 -0.2091 405.50
0.1798 697.97 0.4192 675.84 0.5703 930.76 0.7214 723.32 0.8725 684.67 -0.2126 388.24

X/SL Nu 0.1817 698.09 0.4214 690.18 0.5725 932.55 0.7236 728.82 0.8747 695.42 -O.2161 398.05
0.0519 900.21 0.1837 716.81 0.4236 697.80 0.5747 922.86 0.7258 719.34 0.8769 688.00 -0.2196 380.04
0.0538 892.82 0.1856 696.10 0.4259 699.88 0.5770 921.09 0.7281 713.74 0.8792 689.50 -0.2232 366.89
0.0558 865.97 0.1875 693.74 0.4281 700.38 0.5792 919.25 0.7303 733.65 0.8814 694.20 -0.2267 365.92
0.0577 862.21 0.1895 685.43 0.4303 693.38 0.5814 921,99 0.7325 717.83 0.8836 706.74 -0.2302 359,92
0.0596 845.81 0.1914 698.50 0.4325 690.77 0.5836 929.19 0.7347 711.37 0.8858 703.02 -0.2337 369.31
0.0616 835.78 0.1933 686.00 0.4347 699.56 0.5858 914.41 0.7370 702.86 0.8881 704,24 -0.2372 362.40
0.0635 819.93 0.1953 699.90 0.4370 706.95 0.5881 918.47 0.7392 716.10 0.8903 709.19 -0.2408 376.36
0.0554 812.44 0.1972 672.73 0.4392 715.28 0.5903 911.50 0.7414 711.92 0.8925 713.74 -0.2443 377.29
0.0674 805.17 0.1992 669.30 0.4414 722.94 0.5925 898.77 0.7436 696.89 0.8947 724,53 -0.2478 383.51
0.0693 '788.10 0.2011 674.93 0.4436 717.97 0.5947 890.25 0.7458 697.02 0.8969 726.21 -0.2513 395.81
0.0713 762.87 0.2030 658.25 0.4459 708.52 0.5970 894.00 0.7481 694.17 0.8992 735.06 -0.2549 394.65
0.0732 750.13 0.2050 667.30 0.4481 707.71 0.5992 892.17 0.7503 692.58 0.9014 738.68 -0.2584 421.08
0.0751 736.31 0.2069 653.72 0.4503 713.90 0.6014 883.59 0.7525 693.66 0.9036 742.05 -0.2619 419.10
0.0771 738.02 0.2088 660.45 0.4525 717.27 0.6036 890.83 0.7547 688.67 0.9058 747.46 -0.2654 443.48
0.0790 716,18 0.2108 649.95 0.4547 723.01 0,6058 876.35 0.7570 688.64 0.9081 748.77 -0.2690 447.74
0,0810 694.79 0.2127 641.64 0.4570 722.87 0,6081 869.52 0.7592 698.47 0.9103 760.74 -0.2725 458.79
0.0829 699.76 0.2147 638.62 0.4592 728.41 0.6103 869.50 0.7614 684.17 0.9125 767.60 -0.2760 477.62
0.0848 695.76 0.2166 635.83 0.4614 733.41 0.6125 868.89 0.7636 686.20 0.9147 773.41 -0.2795 469,48
0.0868 674.35 0.2185 637.20 0.4636 738.26 0.6147 865.09 0.7658 679.47 0.9169 787.16 -0.2831 478.02
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

--0.2866 468.72 -0.5226 394.33 -0.7260 389.50 -0.9294 411.96 0.1275 0.2878 0.2750 0.3839 0.5081 0.2567
-0.2901 493.36 -0.5256 396.68 -0.7290 387.51 -0.9324 416.37 0.1294 0.2927 0.2782 0.4242 0.5103 0.2520
-0.2936 505.62 -0.5286 389.48 -0,7320 385,51 -0.9354 420.49 0.1314 0.3023 0,2814 0.4621 0.5126 0.2616
-0.2971 514.02 -0.5315 388,16 -0.7350 381.82 -0.9384 423.80 0.1333 0.3101 0.2846 0,4877 0,5148 0,2547
-0.3007 509.14 -0.5345 386,51 -0.7380 382.03 -0.9414 428.60 0.1353 0.3633 0.2878 0.4907 0,5170 0.2570
.0.3042 505.50 -0.5375 388.80 .0.7409 382,87 -0.9444 432,92 0.1372 0,3572 0.2910 0.4686 0,5192 0.2486
-0.3077 489,47 -0,5405 390.94 -0.7439 382,82 -0.9474 437.86 0.1391 0,3547 0.2942 0.4851 0.5215 0,2439
-0.3112 496.42 -0.5435 390.18 -0.7469 381.53 -0.9504 443.01 0.1411 0.3414 0.2974 0.5172 0.5237 0.2460
-0.3148 491.94 -0,5465 390.41 -0.7499 380,52 -0,9533 448.44 0.1430 0,3337 0.3006 0.5323 0.5259 0.2367
-0.3183 485.39 -0.5495 387.96 -0,7529 381,44 -0.9563 454.99 0.1449 0.3281 0.3038 0.5100 0.5281 0.2279
-0.3218 477.67 -0.5525 390.41 -0.7559 381.85 -0.9593 457.84 0.1469 0,3355 0.3069 0,3988 0.5303 0.2380
-0.3253 484.13 -0.5555 391.!3 -0.7589 383.68 -0.9623 461.17 0.1488 0.3154 0.3837 0.3313 0.5326 0.2328
-0.3289 481.96 -0.5585 391,19 -0.7619 382.19 -0.9653 468.36 0.1508 0.3129 0,3837 0.3224 0,5348 0.2366
-0.3324 488.54 -0.5615 390.14 -0.7649 380.25 -0.9683 474.80 0.1527 0.3087 0.3859 0.3181 0.5370 0.2286
-0.3359 480.75 -0.5645 388.83 -0,7679 377.13 -0,9713 479.38 0,1546 0.3158 0.3881 0,3191 0,5392 0,2302
-0.3394 487.99 -0.5674 389.62 -0.7709 376.67 -0.9743 485.11 0.1566 0.3257 0.3904 0.3004 0.5415 0.2245
-0.3430 477.62 -0.5704 389.55 -0.7739 377.85 -0.9773 489.07 0.1585 0.3148 0.3926 0.2855 0.5437 0.2202
-0.3465 479.63 -0,5734 390,41 -0,7768 379,83 -0.9803 495.23 0,1605 0.3109 0.3948 0.2863 0.5459 0.2223
-0.3500 472.67 .0.5764 390.77 -0.7798 380.04 .0.9833 503.13 0.1624 0.3292 0.3970 0,2771 0.5481 0.2251
-0.3535 465.20 -0.5794 389.80 -0,7828 379.82 .0.9863 516.26 0.1643 0.3440 0.3992 0.2884 0.5503 0.2144
-0.3571 467.73 -0.5824 387.39 -0.7858 378.30 -0.9892 538.17 0.1663 0.3329 0.4015 0.2857 0.5526 0.2147
-0.,3606 458.25 -0.5854 387.61 -0,7888 377.78 -0.9922 567.89 0.1682 0.3221 0.4037 0.2896 0.5548 0.2135
-0.3641 460.24 -0.5884 391.70 -0.7918 377.47 0.1701 0.3334 0.4059 0.2752 0.5570 0.2133
-0.3676 444.21 -0.5914 391.42 -0.7948 376,49 0.1721 0,3409 0.4081 0.2780 0.5592 0,2122
-0.3711 454.76 -0.5944 389.46 .0.7978 376.55 CA_EM-t I 0.1740 0.3319 0.4104 0.2896 0.5615 0.2048
•0.3747 448.70 .0.$974 387.87 -0.8008 376.05 0.1760 0.3370 0.4126 0.3010 0.5637 0.2096
-0.3782 446166 -0.6003 389.30 -0.8_8 376,58 X/$L 11 0.1779 0,3440 0.4148 0.2958 0,5659 0.2043
-0.3817 448.37 -0.6033 391,02 -0,8068 374.54 0.0481 0.5673 0.1798 0.3405 0.4170 0,2879 0.5681 0.1966
-0.3852 438.38 -0.6063 390.87 -0.8098 375.00 0.0500 0.5114 0.1818 0.3341 0.4192 0.3040 0.5703 0.2000
-0.3888 443.03 -0.6093 392,14 -0.8127 373.63 0.0519 0.4726 0.1837 0.3439 0.4215 0.3142 0.5726 0.2101
-0.3923 430,62 -0.6123 394.36 -0.8157 371,21 0.0539 0.4420 0,1856 0.3474 0.4237 0.3091 0.5748 0,2086
.0.3958 438.28 -0,6153 396,20 -0.8187 370.11 0.0558 0.4303 0.1876 0.3439 0.4259 0,3038 0.5770 0.1932
-0.3993 438.i0 -0.6183 397.03 -0.82i7 371.32 0.0577 0.4153 0.1895 0.3359 0.4281 0.2978 0.5792 0, i866
-0.4029 438.75 -0.6213 396.76 -0.8247 370.67 0.0597 0.4068 0.1915 0.3406 0.4304 0.2858 0.5815 0.1920
.0.4064 438.92 -0.6243 395.99 -0.8277 369166 0.0616 0.3894 0.1934 0.3455 0.4326 0.2751 0.5837 0.2044
-0.4099 432.48 -0.6273 394.83 .0.8307 369.54 0.0636 0.3840 0.1953 0,3396 0.4348 0.2776 0.5859 0.1972
-0.4134 435.46 -0.6303 395.97 -0.8337 371.22 0.0655 0.3743 0.1973 0.3473 0.4370 0.2790 0.5881 0.1944
-0,4170 422.18 -0.6333 394.56 -0.8367 371.14 0.0674 0,3775 0.1992 0.3491 0.4392 0.2834 0.5903 0,1919
-0.4205 429,54 -0.6362 394.35 -0.8397 368.66 0,0694 0.3552 0,2011 0.3442 0.4415 0.2853 0.5926 0.1893
-0.4240 425.91 -0.6392 396.32 -0.8427 369,53 0.0713 0.3605 0.2031 0.3415 0.4437 0.2779 0.5948 0.1838
-0,4275 428.30 -0,6422 396.64 -0.8457 371.60 0.0732 0.3661 0.2050 0.3410 0.4459 0.2625 0.5970 0.1805
-0.4310 429.64 -0.6452 397.69 -0.8486 372.39 0.0752 0.3578 0.2070 0.3444 0.4481 0.2517 0.5992 0.1809
-0.4346 422.58 -0.6482 396.81 -0.8516 372.80 0.0771 0.3490 0.2089 0.3349 0.4503 0.2473 0.6015 0.1697
-0.4381 428.05 -0.6512 394,12 -0.8546 373.60 0.0791 0.3531 0,2108 0.3377 0.4526 0.2438 0.6037 0.1804
-0.4416 418.40 -0.6542 394.67 -0.8576 376.69 0.0810 0.3453 0.2128 0.3318 0.4548 0.2498 0.6059 0.1748
-0.4451 424.10 -0.6572 394.74 -0.8606 377.22 0.0829 0.3507 0.2147 0.3234 0.4570 0.2476 0.6081 0.1634
.0.4487 417,74 -0.6602 394.73 -0,8636 376,40 0,0849 0,3422 0.2166 0.3300 0,4592 0.2504 0.6103 0.1624
-0.4522 418,79 -0,6632 395,52 -0.8666 376.67 0.0868 0.3323 0,2186 0.3289 0.4615 0.2529 0.6126 0.1577
-0,4557 417,09 -0,6662 396.52 -0.8696 378,19 0,0888 0,3348 0.2205 0,3292 0.4637 0,2604 0.6148 0,1617
-0,4592 4i2.46 -0.6592 397.06 -0.8726 377.98 0,0907 0.3379 0,2225 0.3207 0.4659 0,2691 0.6170 0.1681
.0.4628 417.82 -0.6721 395.51 -0.8756 378.12 0.0926 0.3345 0.2244 0.3202 0.4681 0.2658 0.6192 0.1647
-0.4663 409.96 -0.6751 393.38 -0.8786 379.99 0.0946 0.3328 0.2263 0.3166 0.4703 0.2590 0.6215 0.1574
-0.4698 418.01 -0.6781 394.13 -0.8816 381.67 0.0965 0.3299 0.2283 0.3131 0.4726 0.2493 0.6237 0.1588
-0.4733 413.21 -0.6811 396.21 -0.8845 380.69 0.0984 0.3202 0.2302 0.3114 0.4748 0.2471 0.6259 0.1605
-0.4769 415.72 -0.6841 397.43 .0.8875 383.15 0.1004 0.3177 0.2302 0.3089 0.4770 0.2446 0,6281 0.1635
-0.4804 421.12 -0.6871 398.05 -0.8905 385.23 0.1023 0.3198 0.2334 0.3081 0.4792 0.2567 0.6303 0.1551
-0.4839 410.88 -0.6901 397.35 -0.8935 388.88 0.1043 0.3109 0.2366 0.3099 0.4815 0.2578 0.6326 0.1514
-0.4874 414.34 -0.6931 397.20 -0,8965 389.02 0.1062 0.3066 0.2398 0.3114 0,4837 0,2574 0.6348 0.1565
-0.4910 407.26 -0.6961 398.01 -0,8995 388.08 0.1081 0.3016 0.2430 0.3093 0.4859 0.2618 0.6370 0.1477
-0,4945 412.69 -0.6991 396.45 -0.9025 392.03 0.1101 0,3052 0.2462 0,3111 0.4881 0,2547 0.6392 0.1546
-0,4980 407.58 -0.7021 394.86 -0.9055 394.83 0,1120 0.3062 0.2494 0.3142 0.4903 0.2525 0.6415 0.1505
-0.5015 411.64 -0.7051 393.80 -0,9085 398.16 0.1139 0.2973 0,2526 0.3208 0.4926 0.2529 0.6437 0.1491
-0.5050 411.14 -0.7080 389.66 -0.9115 398.31 0.1159 0.2967 0.2558 0,3290 0.4948 0.2458 0.6459 0.1399
-0.5086 407.84 -0.7110 390.18 .0.9145 398.87 0.1178 0.2931 0.2590 0.3373 0.4970 0.2515 0.6481 0.1476
-0,5106 396.31 -0,7140 391.96 -0.9174 402.01 0.1198 0,2896 0.2622 0.3413 0,4992 0,2589 0.6503 0.1548
-0,5136 393,82 -0.7170 391.40 -0,9204 403.87 0.1217 0.2819 0.2654 0.3556 0,5015 0.2586 0.6526 0,1405
-0.5166 394.04 -0.7200 390.23 -0.9234 407.50 0.1236 0.2768 0.2686 0.3747 0,5037 0.2588 0.6548 0,1397
-0.5196 392.66 -0.7230 389.59 -0.9264 409.63 011256 0.2855 0.2718 0.3711 0.5059 0.2596 0.6570 0.1456
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.6592 0.1459 0.8103 0.0668 -- -0.3852 0.1237 -0.6482 b.10_K) -0.8516 0,0863 0.0674 719.84
0,6615 0.1344 0,8126 0,0592 X/PL 11 -0.3887 0.1200 -0,6512 0,1003 -0.8546 0.0849 0,0693 703.09
0.6637 0.1370 0.8148 0.0629 -0.0872 0.3589 -0.3922 0.1142 -0.6541 0.0986 -0.8576 0.0914 0.0713 694.26
0.6659 0.1416 0.8170 0.06gO -0.0958 0.3378 -0.3958 0.10_3 -0.6571 0.1061 -0.8606 0.0897 0.0732 690.58
0.6681 0.1287 0,8192 0.0701 -0.1044 0.3327 -0.3993 0.1137 -0.6601 0.1047 -0,8636 0.0886 0.0751 682.67
0.6703 0.1221 0.8214 0.0669 -0.1129 0.3201 -0.4028 0.1075 -0.6631 0.1049 -0.8665 0.0914 0.0771 673.28
0.6726 0.1198 0.8237 0.0761 -0.1215 0.3172 -0.4063 0.1005 -0.6661 0.1017 --0.8695 0.0892 0.0790 663.62
0.6748 0.1205 0.8259 0.0668 -0.1300 0.3065 -0.4099 0.1051 -0.6691 0.0974 -0.8725 0.0844 0.0810 654.10
0.6770 0.1218 0,8281 0.0666 -0,1386 0,2981 -0.4687 0,1020 -0.6721 0.0935 -0.8755 0.0801 0,0829 648.46
0.6792 0,1171 0.8303 0.0618 -0,1471 0,2950 -0.4717 0,1048 -0,6751 0.0936 -0,8785 0.0826 0.0848 644.88
0.6814 0.1211 0,8326 0,0664 -0.1557 0.2834 -0.4747 0.1098 -0.6781 0.0963 -0.8815 0.0&43 0.0868 633.22
0.6837 0.1227 0.8348 0.0666 -0.1642 0.2820 -0,4776 0,1103 -0.6811 0.1041 -0.8845 0,0810 0,0887 628,95
0.6859 0.1262 0.8370 0.0663 -0,1728 0.2672 -0.4806 0.1133 -0,6841 0.1044 -0,8875 0,0813 0.0906 623.09
0.6881 0.1133 0.8392 0,0652 -0.1813 0,2660 -0.4836 0.1103 -0.6871 0,1068 -0.8905 0,0828 0.0926 614.89
0.6903 0,1131 0.8414 0.0630 -0.1899 0,2723 -0,4866 0.1121 -0.6900 0.1084 -0.8935 0.0885 0,0945 609.82
0.6926 0.1321 0.8437 0.0560 -0.1984 0.2638 -0,4896 0.1101 -0.6930 0.1063 -0.8965 0.0853 0,0965 604.78
0.6948 0.1194 0.8459 0.0679 -0.2020 0.2782 -0.4926 0.1135 -0,6960 0,1051 -0.8995 0.0803 0,0984 596.78
0.6970 0.1149 0.8481 0.0727 -0.2055 0.2698 -0.4956 0.1207 -0,6990 0.1021 -0.9024 0.0833 0.1003 593.06
0.6992 0.1204 0.8503 0.0737 -0.2090 0.2773 -0.4986 0.1176 -0.7020 0.1055 -0.9054 0.0866 0.1023 588.70
0.7014 0.1098 0.8526 0.0673 -0.2125 0.2691 -0.5016 0.1196 -0,7050 0.1063 -0.9084 0.0875 0,1042 582.09
0.7037 0.1042 0.8548 0.0642 -0.2161 0.2793 -0.5046 0.1251 -0.7080 0.0949 -0.9114 0.0829 0,106i 575.67
0.7059 0.1t54 0.8570 0.0631 -0.2196 0.2797 -0.5076 0.1253 -0.7110 0.0932 -0.9144 0.0796 0.1081 575.33
0.7081 0.1030 0.8592 0.0690 -0.2231 0.2660 -0,5106 0.1237 -0.7140 0,0986 -0.9174 0.0791 0,1100 574.66
0.7103 0.1011 0.8614 0.0698 -0,2266 0.2504 -0.5135 0,1206 -0,7170 0.0931 -0.9204 0,0763 0.1120 568.28
0.7126 0.1070 0.8637 0.0629 -0.2302 0.2531 -0,5165 0.1218 -0.7200 0.0964 -0.9234 0,0794 0.1139 558.33
0,7148 0.1019 0.8659 0.0668 -0.2337 0.2451 -0.5195 0.1166 -0.7230 0,0988 -0.9264 0,0808 0.1158 550.52
0.7170 0.0981 0.8681 0.0593 -0.2372 0.2365 -0.5225 0.1182 -0.7259 0.1008 -0.9294 0.0789 0.1178 5.54.31
0.7192 0.0966 0.8703 0.0580 -0.2407 0,2250 -0,5255 0,1220 -0.7289 0.0986 -0.9324 0.0776 0.1197 551,27
0.7214 0.1014 0.8726 0.0619 -0.2442 0.2211 -0.5285 0. i137 -0.7319 0.1001 -0.9353 0.0799 0.1216 549,70
0,7237 0,1006 0.8748 0,0691 -0.2478 0.2136 -0,5315 0,1150 -0.7349 0.0959 -0.9383 0.0741 0.1236 548.39
0.7259 0.0903 0.8770 0.0598 -0.2513 0.2063 -0.5345 0.1082 -0.7379 0.0969 -0.9413 0.0755 0.1255 552.80
0.7281 0,0924 0.8792 0.0636 -0.2548 0.1914 -0.5375 0.1132 -0.7409 0.0991 -0.9443 0.0764 0.1275 555.28
0.7303 0.1128 0.8814 0,0674 -0.2583 0.1974 -0.5405 0.1218 -0.7439 0.0996 -0.9473 0.0752 0.1294 559.06
0.7326 0.1028 0.8837 0.0722 -0.2619 0.1905 -0,5435 0.1175 -0.7469 0.0980 -0.9503 0.0771 0.1313 564.89
0,7348 0.0972 0,8859 0.0616 -0.2654 0.1958 -0,5465 0,1151 -0.7499 0.0952 -0,9533 0.0794 0,1333 571.75
0.7370 0.0776 0.8881 0.0596 -0,2689 0,1876 -0.5494 0.1106 -0.7529 0.0982 -0,9563 0.0843 0.1352 586.44
0.7392 0.0973 0.8903 0,0635 -0.2724 0.1906 -0.5524 0.1162 -0.7559 0.0996 -0,9593 0.0787 0,1371 591.53
0.7414 0,0975 0.8926 0.0697 -0.2760 0,2002 -0,5554 0.1207 -0.7588 0.1019 -0,9623 0.0788 0,1391 562,24
0.7437 0,0811 0.8948 0.0686 -0.2795 0.1924 -0.5584 0.1165 -0.7618 0,1003 -0.9653 0.0803 0.1410 545.17
0.7459 0.0845 0,8970 0.0616 -0,2830 0,1880 -0.5614 0,1139 -0,7648 0.0972 -0.9683 0.0817 0.1430 537.16
0.7481 0.0806 0.8992 0.0771 -0.2865 0,1917 -0.5644 0,1067 -0.7678 0.0900 -0.9712 0.0809 0,1449 533.64
0.7503 0.0812 0,9014 0.0762 -0.2901 0.2131 -0.5674 0.1094 -0.7708 0.0938 -0.9742 0.0838 0.1468 544.88
0.7526 0.0799 0,9037 0.0764 -0.2936 0.2150 -0.5704 0.1076 -0.7738 0.0981 -0.9772 0,0823 0.1488 538.64
0.7548 0.0788 0,9059 0.0766 -0.2971 0.2011 -0.5734 0.1075 -0.7768 0.0996 -0.9802 0,0839 0.1507 530.39
0.7570 0.0754 0.9081 0.0747 -0.3006 0.2168 -0,5764 0,1118 -0.7798 0.1017 -0,9832 0.0865 0.1526 532.42
0,7592 0,0868 0.9103 0.0780 -0.3041 0.2136 -0.5794 0.1116 -0.7828 0.1032 -0.9862 0.0808 0.1546 529,61
0.7614 0.0688 0.9126 0.0765 -0,3077 0,2241 -0.5823 0.1071 -0.7858 0,1018 -0.9892 0,0718 0.1565 530.24
0.7637 0.0798 0.9148 0.0777 -0.3112 0,2117 -0,5853 0,1046 -0.7888 0,1045 -0.9922 0.0745 0.1585 532.07
0.7659 0.0696 0.9170 0.0774 -0.3147 0.2232 -0.5883 0.1087 -0.7918 0.0999 0.1604 530.12
0.7681 0.0654 0.9192 0.0784 -0.3182 0.2054 -0.5913 0.1088 -0.7947 0.1036 0.1623 533.25
0.7703 0.0689 0.9214 0.0847 -0.3218 0.1993 -0.5943 0.1078 -0.7977 0.1046 (_AgI=N-Nu 0.1643 544.94
0.7726 0.0701 0.9237 0.0835 -0.3253 0.2074 -0.5973 0.1050 -0.8007 0.1038 0.1662 562.00
0.7748 0.0748 0.9259 0.0854 -0.3288 0.1969 -0,6003 0.1042 -0.8037 0.1029 X/SL Nu 0.1682 570.02
0.7770 0.0746 0.9281 0.0843 -0,3323 0.1885 -0,6033 0.1048 -0.8067 0,0968 0.0383 1048,07 0.1701 584.52
0.7792 0.0698 0.9303 0.0807 -0.3359 0.1852 -0.6063 0.1026 -0.8097 0.0957 0.0403 959.64 0.1720 596.28
0.7814 0.0818 0.9325 0.0861 -0,3394 0.1794 -0.6093 0.1017 -0.8127 0.0952 0,0422 915.96 0.1740 613.08
0.7837 0,0624 0.9348 0.0906 -0.3429 0.1779 -0.6i23 0.1086 -0.8157 0.0915 0.0441 949,23 0,1759 618.35
0.7859 0,0651 0.9370 0.0899 -0,3464 0.1702 -0.6153 0,1099 -0.8187 0.0887 0.0461 930.35 0.1778 625.32
0.7881 0.0829 0.9392 0.0822 -0.3500 0.1659 -0.6182 0.1101 -0.8217 0.0918 0,0480 849.64 0.1798 635,42
0.7903 0.0766 0.9414 0.0906 -0.35,.'35 0,1661 -0,62i2 0,1055 -0.8247 0.0843 0.0499 811.03 0,1817 648.80
0.7926 0.0726 0.9437 0.0899 -0.3570 0.1596 -0.6242 0,1050 -0.8277 0,0881 0.0519 803,76 0.1837 649.24
0,7948 0.0764 0.9459 0.0856 -0.3605 0.1575 -0.6272 0.1039 -0,8306 0.0901 0.0538 788.46 0.1856 654.48
0.7970 0,0742 0.9481 0.0830 -0.3640 0,1512 -0,6302 0.1089 -0.8336 0.0901 0,0558 779,43 0.1875 654,85
0.7992 0.0689 0.9503 0.0825 -0.3676 0.1350 -0.6332 0.1061 -0.8366 0.0881 0.0577 768.66 0.1895 660.51
0,8014 0,0635 0.9525 0.0823 -0.3711 0.1396 -0.6362 0.1025 -0,8396 0,0827 0.0596 755,64 0,1914 663.19
0.8037 0.0565 0.9548 0,0864 -0.3746 0.1385 -0,6392 0.1076 -0.8426 0.0861 0.0616 745.24 0.1933 670.15
0.8059 0,0632 0,9570 0.0787 -0,3781 0.1340 -0.6422 0.1091 -0.8456 0.0843 0.0635 738.33 0.1953 679.60
0.8081 0.0662 0,9592 0,0746 -0.3817 0.1264 -0.6452 0.1144 -0.8486 0.0854 0.0654 730.05 0.1972 681.59
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.1992 679.76
0.2011 679.65
0.2030 680.82
0.2050 68O.48
0.2069 676.96
0.2088 676.00
0.2108 674.00
0.2127 672.31
0.2147 671.98
0.2166 665.90
0.2185 664.63
0.2205 663.38
0.2224 663.16
0.2243 659.86
0.2263 648.83
0.2282 645.67

0.4414 718,99 0.5925 868,11
0.4436 720.73 0.5947 859.45
0.4459 722.08 0.5970 852.21
0.4481 721.26 0.5992 846.88
0.4503 723.82
0.4525 725,96
0,4547 727.50
0.4570 725.90
0.4592 726.32
0.4614 723.37
0.4636 725.36
0.4659 726.43
0.4681 729.17
0,4703 731.80
0.4725 742.80
0.4747 740.00

0.6014 845.76
0.6036 844.65
0.6058 844,90
0.6081 842.54
0.6103 835.15
0.6125 834.81

0.7436 725.53
0.7458 739.45
0.7481 716.73
0.7503 721.05
0.7525 716.34
0.7547 713.34
0.7570 722.55
0.7592 710.01

0.8947 731.49 -0.2478 444.12 -0.4874 398,28
0.8969 731.48 -0.2513 449.35 -0.4910 397.21
0.8992 745.15 -0,2549 452.47 -0.4945 396.07
0.9014 747.25 -0.2584 452.48 -0.4980 394,85
0.9036 757,38 -0.2619 448,38 -0.5015 393,70
0.9058 749.34 -0.2654 443.30 -0.5050 392.56
0.9081 760.45 -0.2690 433.06 -0.5086 391.22
0.9103 761.95 .-0.2725 441.03 -0.5121 389.97

0.7614 720.75 0.9125 769.81 -0,2760 438.81 -0,5156 389,04
0.7636 730.12 0,9147 780.68 -0.2795 445.54 -0.5191 387.96

0.6147 837.43 0.7658 714.57 0,9169 780.61 -0.2831 443.16 -0,5227 387.38
0.6170 837.84 0.7681 704,05 0.9192 792.51 -0,2866 441,54 -0,5262 386.86
0.6192 830,87 0,7703 730.84 0.9214 791.57 -0,2901 440.78 -0.5297 385.38
0.6214 828.85 0.7725 720.79 0.9236 801,33 -0.2936 438.68 -0.5332 384,73
0.6236 833.62 0,7747 706.28 0.9258 814.66 -0,2971 444.00 -0.5368 384,49
0.6258 826.98 0.7770 708.90 0.9281 816.98 -0.3007 437.48 -0.5403 383.26

0.2302 643.83 0.4770 740.91 0.6281 827,15
0.2302 641.30 0.4792 746.67 0.6303 826.20
0.2334 640.85 0.4814 747.98 0.6325 825.33
0.2366 638.44
0.2398 637.31
0.2430 639.57
0.246t 636.25
0.2493 636.81
0.2525 636.97
0,2557 635.43

0.4836 747,66 0.6347 818.29
0,4859 746,36 0,6370 824,07
0.4881 752.49 0.6392 824.57
0.4903 754.94 0.6414 812.70
0,4925 756.73 0.6436 811.01
0.4947 759.31 0.6458 806,89
0.4970 765.04 0.6481 806.51

0.779'2 708.67
0.7814 717.12
0.7836 701,03
0.7858 697,46
0.7881 705,80
0.7903 729.65
0.7925 736.51

0.9303 828.97 .-0.3042 436.00 -0,5615 382.20
0.9325 837.86 -0.3077 435.33 .-0.5645 385.71
0.9347 846.65 -0.3112 434.95 -0.5674 386.58
0.9369 859.32 -0,3148 433.77 -0.5704 388.05
0.9392 869.29 -0.3183 431.12 -0.5734 386.04
0,9414 897.78 -0.3218 429.58 -0.5764 382,10
0.9436 908.22 -0.3253 428.85 -0.5794 383.40

0.7947 716.76 0.9458 905.42 -0,3289 428,01 -0.5824 383.72
0,7969 699,17 0.9481 912.47 -0.3324 427.10 -0.5854 385.03
0.7992 713,17 0.9503 926,51 -0.3359 426.12 -0,5884 387.07

0.2589 634.26
0.2621 635.96
0.2653 635.41
0.2685 633.52
0.2717 628.18
0.2749 607.43
0.2781 591.21
0.2813 583.22
0.2845 585.09
0.2877 587.63
0.2909 575.67 0.5214 804.24
0.2941 575.07 0.5236 8]0.26
0.2973 586.79 0.5259 812.53
0.3005 590.24 0.5281 814.63
0.3037 605.24 0.5303 815.89
0.3069 621.25 0.5325 816.53
0.3836 669.75 0.5347 828.12
0.3859 669,80 0.5370 829.43
0.3881 669.00 0.5392 833.51
0.3903 673,10
0.3925 680.32
0.3947 684.04
0.3970 686.28
0.3992 684.24
0,4014 689.28
0.4036 696,18
0.4059 697.75 0.5570 868.38
0.4081 699.51
0,4103 700,07
0.4125 706.73
0.4147 710.78
0.4170 708,43
0,4192 707.91
0.4214 707.25
0.4236 712,95
0.4259 718.86
0.4281 714.88
0.4303 711.60
0,4325 718,28
0.4347 719.41
0.4370 718.61
0,4392 718.54

0.4992 765,45 0.6503 811.40 0.8014 699.64
0.5014 76,5.27 0.6525 821.34 0.8036 689.88
0.5036 772.86 0.6547 812.69 0.8058 696.27
0.5059 773.75 0.6,.570 794.87 0.8081 699.06
0.5081 782.05 0.6592 801.46 0.8103 691.49
0.5103 783.94 0.6614 810,44 0,8125 701.30
0.5125 781.16 0.6636 799,82 0.8147 689.41
0,5147 786,48 0.6658 794.79
0,5170 797.56 0.6681 809.88
0,5192 800,30 0.6703 794.31

0.9525 948,02 -0.3394 425.28 -0.5914 388.92
0.9547 969,40 -0.3430 425.33 -0.5944 388.44
0.9569 974.38 -0.3465 425.09 -0.5974 386.65
0.950"2 990.84 -0.3500 425.06 -0.6003 388.66

-0.3535 424.98 -0.6033 389151
X/PL Nu -0.357i 425.t9 -0.6063 390.98

-0,0103 1049.04 -0.3606 425.19 -0.6093 392.20

0,5592 870.87
0.5614 874.31
0.5636 881.78
0,5658 889.39
0.5681 874.38
0,5703 878.00
0.5725 879.15
0.5747 876.71
0.5770 874.18
0.5792 865.80
0.5814 867.82
0.5836 872,01
0.5858 873.74
0.5881 860.13

0.5903 857.56

0.6725 791.03
0.6747 787.16
0.6770 773.07
0.6792 779.62
0.6814 780.89
0.6836 777.39
0,6858 777.35
0.6881 778.81
0.6903 766,47

0.8169 680.10 -0.0189 1028.32 -0.3641 424.91 -0.6123 391.53
0.8192 680.36 -0.0274 959.08 -0.3676 424.27 -0.6153 391.27
0.8214 708,37 -0.0360 888.63 -0.3711 424,77 -0.6183 393.32
0.8236 688.06 -0.0445 834.99 -0.3747 424.02 -0.6213 394.56

0,8258 688,14 -0,0531 759.37 .0,3782 423.42 -0.6243 395,28
0.8281 690.52 -0.0616 694.98 -0,3817 422,46 -0.6273 396.03
0,8303 699.63 -0,0702 653.05 -0.3852 421,88 -0.6303 393.46
0.8325 704.13 -0,0787 616.15 -0.3888 420.52 -0.6333 393.15
0.8347 682.08 -0.0873 562.43 -0.3923 420.53 -0.6362 393.75
0.8369 684.92 -0.0958 532.18 -0,3958 419.76 -0.6392 395.40
0.8392 703.23 -0.1044 500.72 -0.3993 419.02 -0.6422 395.80
0,8414 691.67 -0.1130 478.11 -0.4029 418.25 -0.6452 396.38

0,54 14 833.45
0,5436 846.21 0.6947 773.48
0.5459 857.52 0.6970 772.91
0.5481 849.47 0.6992 767.80
0.5503 857.69 0.7014 754.93
0..5525 856.64 0.7036 757.93
0.5547 867.54 0,7058 775.13

0.7081 757.49
0.7103 761.18
0.7125 755.93
0.7147 755.66
0.7170 740.13
0.7192 758.21
0.7214 747.89
0.7236 751.29
0.7258 748.71
0.7281 733.63

0.6925 783.25 0.8436 686.56 -0.1215 463.15 -0.4064 417.42 -0.6482 398.57
0.8458 675.89 -0.1301 448.24 -0.4099 417.11 -0.6512 398.81
0.8481 686.29 .0.1386 434.30 -0.4134 417,24 -0.6542 403.17
0.8503 701.50 -0.1472 425.83 -0.4170 416.82 -0.6572 405,63
0.8525 685.50 -0.1557 428.50 -0.4205 415.95 -0.6602 403.96
0.8547 679.35 -0.1643 425.76 -0.4240 415.60 -0.6632 403,05
0.8569 686.01 -0.1728 430.10 -0.4275 415.23 -0.6662 402.89
0.8592 696.51 -0.1814 416.02 -0.4310 415.17 -0.5692 402.95
0.8614 688.03 -0.1899 384.95 -0.4346 415.16 .0.6721 403.71
0.8636 700.77 -0.1985 343.38 -0,4381 413,96 -0.6751 403.89
0.8658 706,06 -0,2020 348.98 -0.4416 413.46 -0.6781 403,18
0.8681 693.41 -0,2055 350.25 -0.4451 413,53 -0.6811 404.11
0.8703 690.42 -0.2091 363.90 -0.4487 413.48 -0.6841 405.57
0.8725 691.13 -0.2126 362.90 -0.4522 412.93 -0.6871 40,5.18
0.8747 701.69 -0.2161 358.03 -0.4557 412.55 -0.6901 404.23
0.8769 714.26 -0.2196 377.40 -0.4592 410.94 -0.6931 405.48
0.8792 696.56 -0.2232 404,62 -0.4628 408.82 -0.6961 406.27

0.7303 762.12 0.8814 698,28 -0.2267 394.68 -0.4663 407.60 -0.6991 410.70
0.7325 725.67 0.8836 701.73 -0,2302 391,86 -0.4698 406.16 -0.7021 405,31
0.7347 736,16 0.8858 722.35 -0,2337 407.52 -0.4733 404.96 -0.7051 403.33
0.7370 732.86 0.8881 727,57 -0.2372 423,21 -0,4769 403.67 -0.7080 402,25
0.7392 764.14 0.8903 717.72 -0.2408 428.15 -0.4804 401.49 -0.7110 401.54
0.7414 731.54 0.8925 724.75 -0.2443 437.06 -0.4839 400.32 -0.7140 401.79
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.7170 400,62 -0,9204 439.65 0.1120 _ 0,1727 0.2494 0,2422 0.4903 _0.1164 0.6415 0.0818 0.7926 0.0909
-0.7200 399.07 -0.9234 443.22 0,1139 0.1749 0.2526 0,2456 0.4926 0,1115 0.6437 0,0755 0.7948 0.0818
-0.7230 398.55 -0.9264 449.93 0.1159 0.1639 0.2558 0,2409 0.4948 0.1149 0,6459 0.0767 0.7970 0,0769
-0.7260 396.04 .0.9294 455.10 0.1178 0.1711 0,2590 0,2404 0.4970 0.1092 0.6481 0,08D6 0.7992 0,0771
-0.7290 396.06 -0.9324 457.17 0.1198 0,1676 0.2622 0.2461 0.4992 0.1084 0.6503 0,0776 0.8014 0.0635
-0.7320 397.17 -0.9354 460.58 0.1217 0.1676 0.2654 0,2500 0.5015 0.1077 0.6526 0,0803 0.8037 0.0513
-0.7350 398.94 .0.9384 467.62 0,1236 0.1707 0.2686 0,2509 0,5037 0,1096 0.6548 0,0812 0.8059 0.0693
.0.7380 396.04 -0.9414 472.57 0.1256 0,1798 0.2718 0,2470 0.5059 0.1122 0.6570 0.0743 0,8081 0.0689
-0.7409 394,91 -0.9444 476,77 0.1275 0,1814 0.2750 0,2327 0.5081 0,1147 0.6592 0,0801 0.8103 0.0708
-0.7439 394.50 -0.9474 480.84 0,1294 0,1881 0.2782 0.2465 0,5103 0.1056 0.6615 0.0821 0.8126 0.0706
-0,7469 392.84 -0.9504 484.77 0,1314 0.1971 0.2814 0.2961 0,5126 0.1059 0.6637 0.0718 0,8148 0.0640
-0.7499 394.01 -0.9533 491.12 0.1333 0.2055 0,2846 0.3336 0.5148 0,1063 0.6659 0,0778 0.8170 0.0609
-0.7529 392.42 -0.9563 497.82 0,1353 0.2155 0.2878 0.3487 0,5170 0.1155 0.6681 0.0955 0,8192 0.0605
.0.7559 391,56 -0.9593 504.10 0,1372 0.2319 0,29i0 0.3397 0.5192 0,1111 0,6703 0,0777 0.8214 0.0827
-0.7589 390.38 -0.9623 508.07 0,1391 0.2498 0.2942 0.3518 0.5215 0.1151 0.6726 0.0777 0,8237 0.0683
-0.7619 391.18 -0.9653 512.54 0,1411 0.2843 0.2974 0.3636 0,5237 0.1116 0,6748 0.0797 0,8259 0.0597
-0.7649 391,68 -0.9683 517.30 0.1430 0.3099 0,3006 0.3813 0.5259 0.1022 0.6770 0.0644 0.8281 0.0608
-0.7679 391.44 -0.9713 521.67 0,1449 0,3005 0.3038 0.3758 0.5281 0,1076 0.6792 0,0687 0.8303 0.0745
-0.7709 39t.51 -0.9743 525.12 0,1469 0.3258 0.3069 0,3110 0,5303 0,1116 0.6814 0.0724 0.8326 0.0826
-0.7739 391,55 -0.9773 533.14 0.1488 0.3269 0.3837 0.1600 0,5326 0,1101 0.6837 0,0726 0.8348 0,0581
-0.7768 390.07 -0.9803 541.50 0,1508 0.3200 0,3837 0.1549 0,5348 0,1110 0.6859 0.0714 0.8370 0.0591
-0.7798 389,88 -0.9833 548,78 0.1527 0.3395 0,3859 0,1494 0.5370 0.1108 0.6881 0.0775 0.8392 0,0660
-0,7828 389.20 -0,9863 556.46 0.1546 0.3441 0.3881 0,1388 0.5392 0.1010 0.6903 0.0675 0,8414 0.0595
-0,7858 389.51 -0.9892 561.65 0,1566 0.3474 0.3904 0,1289 0.5415 0,0929 0.6926 0.0865 0.8437 0.0653
-0.7888 388.75 -0.9922 570.31 0.1585 0,3582 0,3926 0.1275 0,5437 0.0967 0.6948 0.0835 0.8459 0.0671
-0,7918 389.30 0.1605 0.3632 0,3948 0,1280 0.5459 0.1069 0.6970 0.0713 0.8481 0.0661
-0.7948 389.44 0.1624 0,3708 0,3970 0.1316 0.5481 0.0936 0,6992 0.0736 0.8503 0.0707
-0.7978 389.17 _ 0.1643 0.3848 0,3992 0,1324 0.5503 0,1009 0.7014 0,0726 0.8526 0.0606
-0.8008 389.02 0.1663 0.4005 0.4015 0.1307 0.5526 0.1003 0.7037 0,0729 0.8548 0,0672
-0.8038 388.38 X/$L rl 0.1682 0.4144 0.4037 0.1391 0.5548 0.1059 0,7059 0.0889 0.8570 0,0703
-0.8068 388.45 0.0384 0.5258 0.1701 0.4150 0.4059 0.1391 0.5570 0.1007 0,7081 0.0666 0.8592 0,0656
-0.8098 388.92 0.0403 0,4591 0.1721 0.4017 0.4081 0.1317 0.5592 0.1014 0.7103 0,0772 0.8614 0.0621
-0.8127 389.30 0.0422 0.4165 0.1740 0,3985 0.4104 0.1298 0.5615 0,0970 0.7126 0.0793 0.8637 0.0791
-0.8157 389.29 0.0442 0.4004 0,1760 0.3844 0.4126 0.1238 0,5637 0.1009 0.7148 0.0775 0.8659 0.0805
-0.8187 389.67 0.0461 0.3778 0,1779 0.3751 0.4148 0,1179 0.5659 0.1066 0.7170 0.0627 0.8681 0.0639
-0.8217 389.71 0.0481 0.3043 0.1798 0.3678 0,4170 0.1181 0,5681 0.0931 0.7192 0.0861 0.8703 0,0688
-0.8247 389.78 0.0500 0,2456 0.1818 0.3630 0.4192 0.1240 0.5703 0,1028 0.7214 0.0702 0.8726 0.0685
-0.8277 389.30 0.0519 0.2447 0.1837 0.3486 0.4215 0,1145 0,5726 0.0995 0.7237 0.0702 0,8748 0.0790
-0.8307 389,86 0.0539 0,2180 0.1856 0.3409 0,4237 0,1214 0,5748 0.0894 0.7259 0.0669 0.8770 0.0835
-0,8337 389.79 0.0558 0.2037 0.1876 0,3283 0.4259 0,1273 0.5770 0,0923 0.7281 0.0614 0.8792 0.0717
-0,8367 390.30 0.0577 0.1871 0,1895 0,3207 0.428i 0,1220 0.5792 0,0857 0.7303 0.0870 0.8814 0.0733
-0.8397 391,46 0,0597 0.1851 0,1915 0.3168 0,4304 0.1153 0.5815 0.0934 0.7326 0.0529 0.8837 0.0679
-0,8427 392.79 0.0616 0.1951 0.1934 0.3062 0.4326 0.1160 0.5837 0.0929 0.7348 0,0677 0.8859 0,0737
-0,8457 394.51 0.0636 0.1934 0.1953 0.3034 0.4348 0,1144 0.5859 0.0964 0.7370 0,0744 0.8881 0,0792
-0.8486 395.42 0.0655 0.1G_36 0.1973 0.3031 0.4370 0.1124 0.5881 0.0854 0,730"2 0.0992 0.8903 0.0659
-0.8516 395,78 0,0674 0.1880 0.1992 0.3019 0.4392 0.1194 0.5_33 0,0856 0.7414 0.0657 0.8926 0.0701
-0.8546 395.81 0,0694 0.1779 0,2011 0,2930 0.4415 0.1124 0.5926 0.0967 0.7437 0.0674 0.8948 0,0608
-0.8576 395.97 0,0713 0.1771 0.2031 0,2935 0.4437 0,1139 0.5948 0.0895 0.7459 0.0793 0.8970 0,0466
-0.8606 396.75 0.0732 0.1751 0.2050 0,2922 0,4459 0,1132 0.5970 0.0861 0.7481 0.0517 0.8992 0.0543
.0.8636 397.29 0.0752 0.1798 0.2070 0,2840 0.4481 0.1140 0.5992 0,0893 0.7503 0,0655 0.9014 0.0485
-0.8666 398.19 0.0771 0.1762 0.2089 0.2789 0,4503 0,1218 0.6015 0.0803 0.7526 0,0675 0.9037 0.0589
-0.8696 400.49 0,0791 0.1746 0.2108 0.2753 0,4526 0.1145 0.6037 0.0760 0,7548 0,0659 0.9059 0.0515
-0,8726 400.70 0.0810 0,1723 0.2128 0.2768 0.4548 0,1174 0.6059 0.0850 0.7570 0.0746 0.9081 0.0623
-0.8756 402.48 0,0829 0.1712 0.2147 0,2773 0,4570 0.1172 0,6081 0.0850 0,7592 0.0615 0.9103 0.0548
-0,8786 406.96 0.0849 0.1783 0.2166 0.2660 014592 0.1214 0.6103 0,0775 0.7614 0.0626 0,9126 0,0557
-0.8816 410.13 0.0868 0,1658 0.2186 0.2677 0.4615 0.1138 0.6126 0.0786 0.7637 0,0722 0.9148 0.0602
-0.8845 409.70 0,0888 0.1719 0,2205 0.2645 0.4637 0.1054 0.6148 0,0816 0.7659 0.0586 0.9170 0.0.559
-0.8875 413.06 0.0907 0.1763 0.2225 0.2636 0.4659 0.1051 0.6170 0.0754 0.7681 0.0567 0.9192 0.0657
-0.8905 415.43 0,0926 0.1834 0.2244 0.2650 0.4681 0.1086 0,6192 0,0779 0.7703 0.0835 0.9214 0.0563
-0.8935 418.96 0,0946 0.1765 0,2263 0.2505 0,4703 0.0996 0,6215 0.0843 0,7726 0.0762 0.9237 0,0620
-0.8965 421.08 0.0965 0,1757 0.2283 0.2513 0,4726 0.1101 0,6237 0.0821 0.7748 0.0662 0,9259 0.0684
-0.8995 422.27 0.0984 0.1716 0.2302 0.2510 :0,4748 0,1139 0.6259 0.0794 0.7770 0.0690 0,9281 0.0588
-0.9025 425.46 0.1004 0,1695 0.23020.2464014770 0.1133 0.6281 0,0776 0.7792 0.0765 0.9303 0.0607
-0.9055 429,15 0.1023 0,1705 0.2334 0.2473 0.4792 0,1115 0,6303 0,0750 0.7814 0.0797 0.9325 0.0670
-0.9085 431.20 0.1043 0.1669 0.2366 0.2426 0.4815 0.1180 0.6326 0.0676 0.7837 0.0667 0.9348 0.0676
-0.9115 431.15 0.1062 0.1679 0,2398 0,2406 0.4837 0.1072 0.6348 0.0783 0.7859 0.0607 0.9370 0.0685
.0,9145 434.56 0.1081 0.1708 0.2430 0.2446 0.4859 0.1086 0.6370 0.0870 0.7881 0,0665 0.9392 0.0685
.0.9174 437.11 0.1101 0,1731 0,2462 0,2425 0,4881 0,1148 0.6392 0.0881 0.7903 0.0866 0.9414 0.0786
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.9437 0.0801 -0.3359 0.1797 -0.5755 0.1142 -0.7828 0.0290 -0,9862 0.0268 0,1546 628.65 0.3903 763.41
0.9459 0.0787 -0.3394 0.1761 -0.5823 0,0980 -0,7858 0,0293 -0,9892 0.0185 0.1565 622.43 0.3925 758.34
0.9481 0.0762 -0.3429 0.1740 -0,5853 0.1006 -0.7888 0.0311 -0.9922 0.0219 0,1585 622.91 0.3947 754.01
0.9503 0,0796 -0.3464 0.1716 -0.5883 0.0954 -0,7918 0.0289 0.1604 614.00 0.3970 756.52
0.9525 0.0746 -0.3500 0.1704 -0,5913 0.0956 -0,7947 0.0286 0,1623 612.02 0.3992 754.67
0.9548 0.0839 -0.3535 0,1700 -0.5943 0.0949 -0.7977 0.0267 CASEO-Nu 0.1643 613.47 0.4014 762.62
0.9570 0.0825 -0,3570 0.1707 -0.5973 0.0875 -0.8007 0.026,5 0,1662 619.59 0.4036 762.12
0.9592 0.0726 .0.3605 0.1708 -0.6003 0,0861 -0,8037 0.0213 X/$L Nu 0,1682 617.89 0,4059 762.07

-0.3640 0.1686 -0,6033 0.0886 -0.8067 0.0203 0.0383 1027.84 0.1701 617,00 0.4081 764.37
X/PL 11 -0.3676 0.1679 -0.6063 0.0905 -0.8097 0.0186 0.0403 973,22 0.1720 627.07 0.4103 762.22

.0.0359 0.3477 -0.3711 0.1690 -0.6093 0.0897 -0,8127 0.0197 0,0422 936.36 0.1740 634.95 0.4125 762.29
-0.0445 0.3478 -0.3746 0.1661 -0,6123 0.0901 -0.8157 0.0189 0.0441 960.26 0.1759 633.41 0.4147 773.84
-0.0530 0.3090 -0.3781 0.1655 -0.6153 0.0873 -0.8187 0.0195 0.0461 951.63 0.1778 638.25 0.4170 787.01
-0.0616 0.2992 -0,3817 0,1636 -0.6182 0,0907 -0,8217 0.0195 0,0480 897.40 0,1798 648.81 0.4192 789.81
-0.0701 0,3183 -0.3852 0.1616 -0.6212 0,0926 -0,8247 0,0184 0.0499 861.56 0.1817 654.85 0,4214 779.71
-0,0787 0.3078 -0.3887 0.1602 -0.6242 0.0929 -0.8277 0.0178 0,0519 841,82 0.1837 657.62 0,4236 781,60
-0.0872 0,2762 -0.3922 0.1613 -0.6272 0.0939 -0,8306 0.0181 0,0538 816,57 0.1856 657.19 0,4259 785.05
-0,0958 0.2620 -0.3958 0,1593 -0,6302 0.0883 -0.8336 0.0172 0.0558 803.10 0,1875 658,88 0,4281 794.39
-0,1044 0.2595 -0.3993 0.1580 -0,6332 0.0870 -0.8366 0.0209 0.0577 790.28 0,1895 672,78 0,4303 791.39
-0.1129 0.2558 -0.4028 0.1563 -0.6362 0.0857 -0.8396 0.0206 0.0596 779.71 0.1914 671.11 0.4325 794.59
-0.1215 0.2547 -0.4063 0.1543 -0.6392 0.0844 -0.8426 0.0210 0.0616 759.95 0.1933 677.58 0.4347 796.94
-0.1300 0,2469 -0.4099 0,1535 -0.6422 0,0876 .0.8456 0,0215 0.0635 746.32 0.1953 679.21 0.4370 805.37
.0.1386 0.2560 -0.4134 0.1536 -0,6452 0.0873 -0.8486 0,0282 0.0654 734.83 0.1972 678.53 0.4392 803.17
.0.1471 0.2618 .0,4169 0.1539 -0.6482 0.0896 -0,8516 0.0274 0,0674 728,75 0.1992 681.37 0,4414 799.38
-0.1557 0.2642 -0.4204 0,1524 -0.6512 0.0874 -0.8546 0.0248 0.0693 718.42 0.2011 682.42 0.4436 791,39
-0.1642 0.2693 -0.4240 0,1511 -0.6541 0.0967 -0.8576 0.0255 0.0713 699.90 0.2030 683.79 0.4459 796.32
-0.1728 0.2770 -0.4275 0.1508 -0.6571 0.1007 -0.8606 0.0279 0.0732 691.25 0.2050 680.53 0.4481 807.53
--0.1813 0.2827 -0.4310 0.1498 -0.6601 0.0990 -0.8636 0.0317 0.0751 682.28 0.2069 680.69 0.4503 798.82
-0.1899 0.2791 -0.4345 0.1482 -0.6631 0.0939 -0.8665 0.0277 0.0771 674.38 0.2088 679.59 0.4525 803.10
-0.1984 0.2499 -0.4380 0.1444 -0.6661 0.0938 -0.8695 0.0261 0.0790 662.14 0.2108 682.17 0.4547 804.32
-0.2020 0.2287 -0.4416 0.1422 .0.6691 0.0906 ..0.8725 0.0269 0.0810 660.29 0.2127 681.02 0.4570 811.44
-0.2055 0.2209 -0.4451 0.1410 -0.6721 0.0953 -0.875.5 0.0255 0.0829 645.02 0.2147 676.09 0.4592 807.23
-0.2090 0.2263 -0.4486 0.1406 -0.6751 0.0977 -0.8785 0.0240 0.0848 640.38 0.2166 673.46 0.4614 816.57
-0.2125 0.2202 -0.4521 0,1389 -0.6781 0,0955 -0.8815 0.0265 0.0868 628.60 0.2185 668.63 0.4636 814.06
-0,2161 0.2289 -0.4557 0.1371 -0.6811 0.0908 -0.8845 0.0248 0.0887 625,83 0.2205 673,63 0.4659 811.37
-0.2196 0.2529 -0.4592 0.1366 -0.6841 0.0924 -0.8875 0.0253 0.0906 619.19 0.2224 671.74 0.4681 810.57
-0.2231 0,2637 -0.4627 0.1370 -0.6871 0.0910 -0.8905 0.0269 0.0926 608.87 0.2243 668.58 0.4703 813.39
-0.2266 0.2476 -0.4662 0.1368 -0.6900 0.0955 -0,8935 0,0335 0.0945 599.95 0.2263 662.70 0.4725 820.00
-0.2302 0.2386 -0.4698 0.1362 -0.6930 0.1011 -0,8965 0,0375 0.0965 596,19 0.2282 654.65 0.4747 819,54
.0.2337 0,2376 -0.4733 0.1363 -0.6960 0.1003 -0,8995 0,0381 0,0984 589.04 0.2302 658.56 0,4770 827.80
.0,2372 0.2381 -0.4768 0.1365 -0.6990 0.1018 -0.9024 0.0410 0,1003 588,86 0.2302 6.55.63 0,4792 823.62
-0,2407 0.2406 -0.4803 0.1340 -0.7020 0.0965 -0.9054 0,0374 0.1023 581.74 0.2334 655,32 0.4814 819.76
-0.2442 0.2409 -0.4839 0.1335 -0,7050 0.0878 -0.9084 0.0452 0,1042 577.17 0,2366 654.11 0.4836 824.96
-0.2478 0.2350 -0.4874 0.1314 -0.7080 0,0865 -0.9114 0,0484 0.1061 566,53 0.2398 652.82 0.4859 826.87
-0.2513 0,2364 -0.4909 0.1330 .0.7110 0_0830 -0.9144 0.0462 0,1081 566.94 0.2430 651.95 0.4881 834.16
-0.2548 0.2388 -0.4944 0.1329 -0.7140 0.0802 -0.9174 0.0457 0.1100 564.77 0.2461 652.56 0,4903 828.25
-0.2583 0.2472 -0,4979 0.1326 -0,7170 0.0791 -0.9204 0.0422 0.1120 558.80 0.2493 651.19 0.4925 825.07

-0.2619 0.2509 -0.5015 0.1321 -0.7200 0.0703 -0.9234 0.0386 0.1139 548.57 0,2525 646.72 0.4947 826,96
-0,2654 0.2530 -0.5050 0.1316 -0.7230 0.0738 -0.9264 0,0466 0,1158 544.77 0,2557 643,58 0.4970 830.48
.0,2689 0.2400 -0.5085 0.1295 .0.7259 0.0676 -0.9294 0.0487 0.1178 546.33 0.2589 646.48 0.4992 830.03
-0.2724 0.2437 .0,5120 0.1294 -0.7289 0.0663 -0.9324 0.0436 0.1197 543.56 0.2621 645.98 0,5014 829.84
•0.2760 0.2321 -0.5156 0.1296 .-0.7319 0.0621 -0.9353 0.0466 0.1216 541.83 0.2653 646.40 0.5036 833.95
-0.2795 0.2321 -0.5191 0.1290 -0.7349 0.0652 .0.9383 0.0520 0.1236 539.08 0.2685 650.80 0.5059 830.05
-0.2830 0,2228 -0.5226 0.1293 .0.7379 0.0613 -0.9413 0,0520 0.1255 538,00 0.2717 652.52 0.5081 841.19
-0.2865 0.2185 -0.5261 0.1307 .0.7409 0.0521 -0,9443 0.0526 0.1275 540.71 0.2749 637.77 0.5103 830.82
-0,2901 0.2224 -0,5297 0.1286 -0.7439 0.0504 -0,9473 0.0492 0,1294 545.67 0.2781 637.17 0.5125 835.95
-0,2936 0.2201 -0.5332 0.1283 -0.7469 0.0462 .0.9503 0.0473 0.1313 552.75 0.2813 643.62 0.5147 843.20
-0.297i 0.2263 -0..5367 0.1278 -0.7499 0.0488 .0.9533 0.0500 0.1333 560.87 0,2845 656.47 0,5170 836.19
-0.3006 0.2191 -0.5402 0.1261 -0.7529 0,0394 .0.9563 0.0575 0.1352 676.97 0.2877 677.99 0.5192 840.05
-0.3041 0.2140 -0.5438 0.1249 -0.7559 0.0350 -0.9593 0.0639 0.1371 591.92 0.2909 659.44 0.5214 845.63
-0.3077 0.2085 -0.5473 0.1243 -0.7588 0.0339 -0.9623 0.0586 0.1391 568.03 0.2941 651.34 0.5236 850.30
-0.3112 0.2088 -0.5508 0,1234 -0.7618 0.0372 -0.9653 0.0525 0.1410 557.92 0.2973 654.50 0.5259 850.28

.0.3147 0.2033 .0.5543 0.1223 -0.7648 0.0395 .0.9683 0,0459 0.1430 558.17 0.3005 666.36 0,5281 854.22
-0.3182 0.1971 .0.5579 0.1225 -0.7678 0.0374 .0.9712 0,0397 0.1449 574.51 0.3037 686,98 0.5303 856.00
-0.3218 0.1930 -0.5614 0.1216 .0.7708 0.0365 -0.9742 0.0317 0,1468 614.00 0.3069 690.23 0.5325 852.90
-0.3253 0.1907 -0.5649 0.1191 -0.7738 0.0385 .-0.9772 0.0355 0.1488 634,23 0.3836 777.48 0.5347 853.14
-0.3288 0.1876 .0.5684 0.1121 -0.7768 0.0352 .-0.9802 0.0382 0.1507 628,54 0.3859 765.33 0.5370 852.64
.0,3323 0.1816 -0,5719 0.1064 -0.7798 0.0341 .0,9832 0,0324 0.1526 626.92 0.3881 760,48 0.5392 855.32
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.5414 859.62 0.6925 793,90 0.8436 692.43 --0.1215 471.21 -0.4064 423.42 .-0.6422 418.83 -0.8457 391.75
0.5436 865.04 0.6947 764.07 0.8458 672.10 -0.1301 4.53.57 -0.4099 422.55 -0.6452 419.52 -0.8486 391.64
0.5459 870,33 0,6970 755.64 0.8481 655,01 -0.1386 454.59 -0.4134 423.13 -0.6482 420.76 --0.8516 391.48
0,5481 874.72 0.6992 758,30 0.8503 647,07 -0.1472 439.16 -0.4170 423.34 -0.6512 420,06 -0.8546 391.87
0.5503 887.37 0.7014 762,45 0.8525 654,28 -0.1557 423.04 -0.4205 422.37 -0.6542 420.15 -0,8576 392.33
0.5525 884.79 0.7036 774.45 0.8547 657,93 -0,1643 439.92 -0.4240 422.03 -0.6572 420.59 -0.8606 393.20
0,5.547 877,35 0.7058 771,63 0.8569 668.93 -0.1728 475.64 -0.4275 422,90 -0.6602 420.02 -0.8636 394.17
0.5570 878.58 0,7081 765.73 0.8592 649,36 -0,1814 504.34 -0,4310 423.46 -0.6632 419,64 -0.8666 395.00
0,5592 881.48 0.7103 753,85 0.8614 655.27 -0.1899 449,43 -0,4346 422.92 -0.6662 420.10 -0.8696 396,26
0.5614 881.46 0.7125 770.11 0.8636 679.82 -0.1985 400.12 -0,4381 422.70 -0.6692 424.11 -0.8726 397.65
0.5636 885.29 0.7147 761.56 0.8658 675.15 -0.2020 410.20 -0,4416 423.10 -0.6721 420.68 -0.8756 398.80
0.5658 881,50 0.7170 743.57 0.8681 674.43 -0.2055 419,82 -0,4451 422.05 -0,6751 420.35 -0.8786 399.07
0.5681 884.65 0.7192 752.63 0.8703 691.43 -0.2091 466.75 -0,4487 420.85 -0,6781 421.81 -0,8816 400,33
0,5703 901.80 0.7214 743,10 0,8725 667.68 -0.2126 386,68 -0,4522 420.78 -0.6811 420.95 -0.8845 402.48
0.5725 889.35 0.7236 753.96 0.8747 673.01 -0.2161 368.00 -0,4557 420.10 -0.6841 420.06 -0.8875 404.39
0.5747 885.16 0.7258 751.50 0.8769 675,94 -0.2196 385.85 -0.4592 417.86 -0.6871 419.21 -0.8905 405.50
0.5770 887,83 0.7281 769.10 0.8792 723.75 -0.2232 393,36 -0,4628 415,04 -0,6901 420.40 -0,8935 407.64
0,5792 889.60 0.7303 770.77 0,8814 677,05 -0.2267 417,48 -0.4663 414.21 -0.6931 420,80 .0.8965 409,46
0.5814 883.32 0,7325 745,64 0,8836 675,37 -0.2302 456.15 -0.4698 413.95 -0.6961 419.72 -0.8995 411,43
0.5836 877,72 0.7347 750.31 0.8858 661,74 -0,2337 454,39 -0.4733 413.69 -0,6991 418.68 -0.9025 414,10
0.5858 885.07 0,7370 725.69 0.8881 669.08 -0.2372 445,54 -0,4769 413.32 -0.7021 414.63 -0.9055 416,94
0.5881 883.69 0.7392 738.31 0.8903 683,00 -0.2408 462.33 .0.4804 412.65 -0.7051 413,03 -0,9085 420,64
0.5903 888.09 0.7414 733.08 0.8925 673.84 -0,2443 464.40 -0,4839 411.74 -0,7080 411.98 -0.9115 423.15
0.5925 869.69 0.7436 724.30 0.8947 666,57 -0.2478 468.35 -0,4874 410.21 -0.7110 411.85 -0.9145 425,45
0.5947 866.18 0.7458 718.13 0.8969 666.97 -0.2513 436.18 -0.4910 409.54 -0.7140 410.68 -0,9174 428.51
0.5970 867.81 0,7481 749.37 0.8992 681,25 -0.2549 444.59 -0.4945 407.43 -0.7170 408,54 -0.9204 432.39
0,5992 872.15 0,7503 724.96 0.9014 678,53 -0.2584 450.19 -0.4980 406,48 -0.7200 407.31 -0.9234 435.26
0.6014 869,68 0,7525 726.13 0.9036 682.36 -0,2619 458.46 -0.5015 403.33 -0,7230 406.84 -0.9264 438.53
0,6036 866.60 0.7547 709.87 0.9058 699.76 -0.2654 480.34 -0,5050 402.12 -0.7260 407,18 -0.9294 441.56
0.6058 883.33 0.7570 726.83 0.9081 695,94 -0.2690 467.57 -0,5086 401.97 -0.7290 405,56 -0.9324 445.35
0.6081 861.43 0.7592 707,87 0.9103 700,75 -0.2725 458,95 -0.5121 402.50 -0.7320 402.09 -0.9354 448.17
0.6103 862.51 0,7614 728.43 0.9125 712,30 -0.2760 446,41 -0,5156 400.18 -0.7350 401,43 -0,9384 452.70
0.6125 860.58 0.7636 746.04 0.9147 711.77 -0.2795 418.83 -0,5191 399.71 -0.7380 402.23 -0,9414 455.75
0.6147 844.21 0.7658 723.68 0.9169 723,57 -0.2831 415,56 -0,5227 400.41 -0.7409 402.85 -0.9444 460,37
0.6170 842.28 0.7681 708.64 0.9192 717.63 -0.2866 455.75 -0.5262 400.57 -0.7439 402.70 -0.9474 463.00
0.6192 841,69 0.7703 710.15 0,9214 719.94 -0.2901 480.13 -0,5297 399,86 -0,7469 399.92 -0.9504 466.37
0.6214 853.43 0.7725 678.21 0.9236 725.05 -0.2936 422.73 -0.5332 399,02 -0,7499 397.91 -0.9533 471.20
0.6236 843.66 0.7747 682.26 0.9258 736.11 -0.2971 406.25 -0,5495 404.51 -0.7529 396.74 -0.9563 474.17
0.6258 852.65 0.7770 714.11 0.9281 735.67 -0.3007 407.68 -0.5525 405.45 -0.7559 395.69 -0.9593 479,06
0.6281 852,35 0.7792 733.67 0.9303 751.89 -0,3042 409.13 -0,5555 405.22 -0.7589 395.22 -0,9623 483.34
0,6303 841.35 0.7814 727.48 0.9325 745.59 -0.3077 409,90 -0.5585 405.60 -0.7619 394.51 -0.96.53 488.31
0.6325 825,91 0.7836 692.76 0.9347 756.08 -0.3112 411,37 -0.5615 406.09 -0.7649 393.25 -0,9683 494.17
0.6347 827,70 0.7858 704.36 0.9369 766.78 -0.3148 414.84 -0.5645 406,78 -0.7679 392.59 -0,9713 499.09
0.6370 848.63 0.7881 689.95 0.9392 766.12 -0.3183 417.19 -0.5674 407.58 -0.7709 392,47 -0,9743 505,42
0.6392 814.40 0.7903 727,10 0.9414 778.05 -0.3218 418,48 -0,5704 408.76 -0.7739 392.48 -0.9773 511.48
0.6414 829.53 0,7925 690.82 0.9436 787.70 -0.3253 434.66 -0.5734 408.47 -0.7768 392.50 -0.9803 518.51
0.6436 812.99 0.7947 728.02 0,9458 799.35 -0,3289 420.33 -0.5764 408.90 -0.7798 392,67 -0.9833 523.94
0.6458 819,18 0,7969 705.21 0.9481 811.23 -0.3324 436.32 -0.5794 410.00 -0.7828 393.28 -0.9863 531.61
0.6481 806.09 0,7992 704.38 0.9503 824.23 -0.3359 421.69 -0,5824 410.25 -0.7858 392.96 -0.9892 538.39
0.6503 805.50 0.8014 695,06 0,9525 822.79 -0.3394 423.42 -0.6854 410.21 -0.7888 391.35 -0.9922 543.84
0,6525 795.95 0.8036 666,65 0.9547 837.27 -0,3430 423.88 -0.5884 410.77 -0,7918 389.88
0.6547 807.07 0.8058 679.96 0.9569 862.76 -0.3465 423.52 -0,5914 411.85 -0.7948 389,34
0.6570 827.25 0.8081 696.30 0,9592 869.00 -0,3500 424.73 -0.5944 412.87 -0.7978 389.20 CASE O-n
0.6592 793.25 0.8103 672.02 -0.3535 426.01 -0.5974 413.68 -0.8008 389.43

0.6614 819.89 0.8125 682.88 X/PL Nu -0.3571 427.04 -0.6003 413,91 -0.8038 389,34 X/SL 11
0.6636 806.14 0.8147 707.12 -0,0103 1364.65 -0.3606 426.83 -0.6033 413.39 -0,8068 390.76 0.0519 0.4819
0.6658 814.53 0.8169 702.58 -0.0189 1235.09 -0.3641 426.74 -0.6063 415,28 -0,8098 390.49 0,0539 0.4395
0.6681 822.50 0.8192 665,90 -0,0274 1150.43 -0,3676 426.10 -0.6093 415.58 -0.8127 389,84 0.0558 0.4105
0.6703 785,17 0.8214 656.46 -0.0360 1047.29 -0.3711 428.40 -0.6123 415.65 -0,8157 388.06 0.0577 0.3821
0.6725 791.13 0.8236 662.65 -0,0445 970.16 -0.3747 428.59 -0,6153 417.01 -0.8187 388.21 0.0597 0.3615
0.6747 787.67 0.8258 657,21 -0,0531 863.14 -0.3782 426.62 -0,6183 418.33 -0.8217 388.44 0.0616 0.3498
0.6770 812.05 0,8281 665.02 -0.0616 778,48 -0.3817 425,74 -0,6213 420.70 -0.8247 389.22 0.0636 0,3335
0.6792 768.01 0.8303 655.19 -0.0702 705.98 -0.3852 425.34 -0.6243 420.11 -0.8277 390.12 0.0655 0.3266

0.6814 767.25 0.8325 673.83 -0.0787 655.62 -0.3888 423.53 -0.6273 420.22 -0.8307 390.48 0,0674 0.3207
0.6836 776.27 0.8347 680.89 -0.0873 619.99 -0.3923 423.81 -0.6303 419,80 -0.8337 390.12 0.0694 0.3153
0.6858 796.97 0.8369 689.26 -0.0958 579.91 -0.3958 422.50 -0.6333 419.66 -0.8367 390.52 0.0713 0.2940

0.6881 770.41 0.8392 668.20 -0.1044 527,54 -0.3993 423.78 -0.6362 420.69 -0.8397 390.59 0.0732 0.2950
0.6903 765.12 0.8414 656.08 -0.1130 495.29 -0.4029 422.60 -0.6392 420.22 -0,8427 391.11 0.0752 0.2923
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.0771 0,2766 0.2089 0.3579 0.4503 0.2432 0.6015 0.1634 0.7526 0.1293 0.9037 0,0454 -0.2795 0,2369
0.0791 0.2681 0.2108 0.3625 0.4526 0.2502 0.6037 0.1711 0.7548 0.1164 0,9059 0.0505 -0,2830 0.2469
0,0810 0.2762 0.2128 0.3493 0.4548 0,2503 0.6059 0.1761 0.7570 0.1284 0,9081 0.0608 -0.2865 0.2637
0.0829 0.2640 0.2147 0.3425 0,4570 0.2539 0.6081 0.1704 0.7592 0.1125 0.9103 0.0613 -0.2901 0.2639
0.0849 0.2624 0.2166 0.3343 0.4592 0.2475 0.6103 0.1611 0.7614 0,1320 0.9126 0.0727 -0.2936 0.2402
0.0868 0,2548 0.2186 0.3288 0.4615 0.2596 0.6126 0.1627 0.7637 0.1487 0.9148 0.0634 -0.2971 0.2361
0,0888 0.2627 0.2205 0.3315 0,4637 0.2623 0,6148 0.1667 0.7659 0.1176 0.9170 0.0645 -0.3006 0.2366
0.0907 0.2618 0.2225 0.3257 0.4659 0.2555 0.6170 0,1572 0.7681 0.1152 0.9192 0,0587 -0.3041 0.2398
0,0926 0.2565 0.2244 0.3225 0.4681 0.2479 0.6192 0.1477 0,7703 0.1147 0.9214 0.0536 -0,3077 0.2349
0.0946 0.2448 0.2263 0,3155 0.4703 0.2485 0.6215 0.1506 0.7726 0.0842 0.9237 0.0527 -0.3112 0,2296
0,096.5 0.2414 0.2283 0.3056 0,4726 0.2517 0.6237 0.1518 0.7748 0,1008 0.9259 0.0545 -0.3147 0.2276
0.0984 0.2474 0.2302 0,3076 0.4748 0.2458 0,6259 0,1655 0.7770 0, t270 0.9281 0.0501 -0.3182 0.2327
0.1004 0.2520 0.2302 0.3088 0,4770 0.2482 0,6281 0.1594 0.7792 0.1390 0.9303 0,0551 -0.3218 0,2313
0.1023 0.2482 0.2334 0.3056 0,4792 0,2449 0.6303 0,1490 0.7814 0.1309 0.9325 0.0452 -0.3253 0,2325
0.1043 0.2528 0.2366 0,3036 0.4815 0.2392 0.6326 0.1530 0.7837 0.1095 0,9348 0.0441 -0.3288 0.2290
0.1062 0,24,42 0.2398 0.2992 0.4837 0.2379 0.6348 0.1520 0.7859 0,1287 0.9370 0,0521 -0.3323 0.2313
0.1081 0.2461 0.2430 0.2927 0,4859 0.2341 0.6370 0.1695 0.7881 0.1047 0,939'2 0,0431 -0,3359 0.22i6
0,1101 0.2465 0.2462 0,2936 0.4881 0.2456 0,6392 0.1546 0.7903 0.1419 0.9414 0.0434 -0.3394 0.2191
0.1120 0.2423 0.2494 0,2920 0.4903 0,2372 0,6415 0.1520 0.7926 0.1003 0.9437 0.0422 -0.3429 0.2175
0.1139 0.2376 0.2526 0,2838 0.4926 0.2332 0.6437 0.1452 0.7948 0.1327 0,9459 0.0421 -0.3464 0.2089
0.1159 0.2552 0,2558 0.2797 0.4948 0,2287 0.6459 0.1489 0,7970 0,1247 0.9481 0.0427 -0.3500 0.2122
0.1178 0.2507 0,2590 0.2814 0.4970 0.2257 0.6481 0.1386 0.7992 0.1253 0.9503 0.0494 -0,3535 0.2099
0.1198 0.2417 0.2622 0.2769 0.4992 0.2271 0.6503 0.1491 0.8014 0.1340 0.9525 0.0387 -0.3570 0.2073
0.1217 0.2425 0,2654 0,2718 0,5015 0.2233 0,6526 0.1351 0,8037 0.0973 0.9548 0.0462 -0.3605 0,2029
0.1236 0.2399 0,2686 0.2788 0.5037 0.2191 0.6548 0,1412 0.8059 0.1019 0.9570 0.0505 -0.3640 0.2011
0.1256 0.2433 0,2718 0,2814 0.5059 0,2153 0.6570 0,1483 0.8081 0.1185 0.9592 0.0479 -0.3676 0.1978
0.1275 0.2505 0.2750 0.2581 0.5081 0.2168 0.6592 0. i5i0 0.8i03 0.1068 -0.3711 0.2017

0.1294 0.2580 0.2782 0.2915 0.5103 0.2096 0.6615 0.1564 0.8126 0.0999 X/PI 11 -0.3746 0.1997
0.1314 0.2692 0.2814 0.3557 0.5126 0.2071 0.6637 0.1488 0.8148 0.1109 -0.0530 0.3733 -0,3781 0.1968
0.1333 0,28i3 0.2846 0.3882 0.5148 0.2088 0.6659 0.1464 0.8170 0.1218 -0.0616 0.3461 -0.3817 0,1945
0.1353 0.2915 0.2878 0.4043 0.5170 0.1996 0.6681 0.1601 0.8192 0,0848 -0.0701 0.3334 -0.3852 0.1930
0.1372 0.2950 0,2910 0,3970 0.5192 0.2012 0.6703 0.1384 0.8214 0.0909 -0,0787 0.3197 -0.3887 0.1887
0.1391 0.3064 0.2942 0,4062 0.5215 0.2050 0,6726 0.1324 0.8237 0,0993 -0.0872 0.3162 -0.3922 0.1926
0,1411 0.3515 0.2974 0.4150 0,5237 0.1986 0,6748 0. t436 0.8259 0.0905 -0.0958 0.3022 --0.3958 0.1872
0.1430 0.3826 0.3006 0.4373 0.5259 0. i995 0.6770 0.1578 0.8281 0.1024 .-0.1044 0,2645 -0.3993 0.1870
0.1449 0,4012 0.3038 0,4467 0.5281 0. i950 0.6792 0,1329 0.8303 0.0880 .-0.1129 0.2473 -0.4028 0.1836
0.1469 0,3895 0.3069 0,3645 0,5303 0.1927 0.6814 0,1295 0,8326 0,1016 -0.1215 0.2304 -0.4063 0.1855
0.1488 0,4115 0.3837 0,3232 0,5326 0.1802 0.6837 0.1400 0,8348 0.1095 -0.1300 0.2495 -0.4099 0.1847
0.1508 0.4020 0,3837 0.3022 0,5348 0.1816 0.6859 0.1522 0.8370 0,1213 -0.1386 0,2633 -0.4134 0.1807
0,1527 0,4180 0.3859 0.2990 0.5370 0,1891 0.6881 0.1386 0.8392 0,1098 -0,1471 0.2608 -0.4169 0.1761
0.1546 0,4212 0.3881 0,2853 0.5392 0.1798 0,6903 0,1338 0.8414 0,0984 -0.1557 0,2627 -0.4204 0.1746
0.1566 0.4310 0,3904 0.2914 0.5415 0.1737 0.6926 0.1561 0.8437 0,1103 -0.1642 0,2743 -0.4240 0.1781
0,1585 0.4263 0.3926 0.2813 0.5437 0.1730 0.6948 0.1349 0.8459 0.0976 -0.1728 0.2986 -0.4275 0.1822
0.1605 0.4284 0.3948 0.2817 0,5459 0. i728 0.6970 0.1334 0.8481 0.0901 -0.1813 0.3068 .-0.4310 0,1778
0.1624 0.4284 0.3970 0.2828 0.5481 0.1683 0.6992 0,1218 0.8503 0.0887 -0.1899 0.2862 -0.4345 0.1741
0.1643 0,4221 0.3992 0.2728 0,5503 0.1682 0,70i4 0.1253 0.8526 0.0928 -0.1984 0.2688 -0,4380 0,1710
0.1663 0,4225 0.4015 0.2787 0.5526 0.1661 0.7037 0.1347 0.8548 0,0807 -0.2020 0.2426 -0,4416 0,1694
0,1682 0.4205 0.4037 0.2751 0.5548 0,1648 03059 0.1484 0.8570 0,0973 -0.2055 0,2110 -0.4451 0,1661
0.1701 0,4102 0,4059 0.2713 0,5570 0,1608 0.7081 0.1451 0.8592 0.0848 -0.2090 0,1840 -0.4486 0.1626
0.1721 0.4236 0.4081 0.2702 0.5592 0.1561 0.7103 0.1375 0.8614 0.0883 -0.2125 0,1,.538 -0,4521 0.1611
0.1740 0.4222 0.4104 0.2711 0.5615 0.1570 0.7126 0.1531 0.8637 0.0957 .-0.2161 0.1716 -0.4557 0.1563
0.1760 0.4196 0.4126 0.2622 0.5637 0.1545 0.7148 0.1370 0.8659 0.0896 -0.2196 0.1749 -0.4592 0,1527
0.1779 0,4189 0.4148 0.2563 0.5659 0.1511 0.7170 0.1282 0.8681 0.0872 -0.2231 0.1781 -0.4627 0.1475
0.1798 0.4198 0.4170 0.2556 0.5681 0.1550 0.7192 0.1415 0.8703 0.1007 -0.2266 0.1897 -0.4662 0.1494
0.1818 0.4255 0.4192 0.2494 0,5703 0.1622 0.7214 0.1254 0,8726 0.0804 -0.2302 0,2133 -0.4698 0.1489
0.1837 0.4167 0.4215 0.2475 0.5726 0,1593 0.7237 0.1253 0.8748 0,0875 -0.2337 0.2510 -0.4733 0.1532
0.1856 0.4106 0.4237 0.2459 0.5748 0.1555 0.7259 0.1339 0.8770 0.D968 -0.2372 0.2742 -0.4768 0.1535
0.1876 0.4078 0.4259 0.2475 0.5770 0.1592 0.7281 0.1499 0.8792 0.1000 -0.2407 0.2764 -0.4803 0,1545
0.1895, 0.4136 0.4281 0.2541 0.5792 0.1561 0.7303 0.1434 0.8814 0.0966 -0.2442 0,2690 -0.4839 0.1521
0.1915 0.4027 0.4304 0.2520 0.5815 0.1620 0.7326 0.1278 0.8837 0.0941 -0.2478 0.2697 -0,4874 0.1515
0.1934 0.4057 0.4326 0.2569 0.5837 0.1604 0.7348 0.1389 0.8859 0.0786 -0.2513 0.2498 -0.4909 0.1509

0.1953 0.3904 0.4348 0.2622 0.5859 0.1594 0.7370 0.1274 0.8881 0,0783 -0.2548 0.2502 -0.4944 0.1453
0.1973 0.3883 0.4370 0,2525 0.5881 0.1598 0,7392 0,1321 0,8903 0.0822 -0.2583 0.2528 -0.4979 0,1443
0.1992 0.388i 0.4392 0.2544 0.5903 0.1655 0.7414 0.1198 0.8926 0.0800 -0.2619 0.2530 -0.5015 0.1399
0.2011 0.3812 0.4415 0.2553 0.5926 0.1561 0.7437 0.1350 0.8948 0.0672 -0.2654 0.2717 -0.5050 0.1372
0.2031 0.3744 0.4437 0.2500 0.5948 0.1592 0.7459 0,1200 0.8970 0.0525 -0.2689 0.2719 -0.5085 0.1385
0.2050 0.3674 0.4459 0.2451 0.5970 0.1583 0.7481 0.1322 0.8992 0.0505 -0.2724 0,2689 -0.5120 0.1400
0.2070 0.3658 0.4481 0.2492 0.5992 0.1634 0.7503 0.1240 0.9014 0.0483 -0.2760 0.2493 -0.5156 0.1361
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Appendix 7.2 - Data for Spanwise Avera_led Nusselt Number and Film Cooling Effectiveness

=

.0.5191 0.1346 -0.7140 0.0663 -0.9174 0.0615 0.1100 604.62 0.2461 666,38 0.4903 834.53 0.6414 836,79
-0.5226 0.1374 -0.7170 0,0635 -0.9204 0.0630 0.1120 597.30 0.2493 666.91 0.4925 834.87 0.6436 826.27
.0.5261 0.1391 -0.7200 0,0670 -0,9234 0,0583 0.1139 591.10 0.2525 668.10 0.4947 841.31 0.6458 851.67
-0.5297 0.1384 -0.7230 0.0705 -0,9264 0,0541 0,1158 590.62 0.2557 669,64 0.4970 837.40 0,6481 823.96
-0.5332 0.1364 -0,7259 0,0752 -0.9294 0.0568 0.1178 588.95 0.2589 675.01 0,4992 841.73 0.6503 810,93
-0.5367 0.1315 .0.7289 0.0713 .0.9324 0.0587 0,1197 586.98 0.2621 676.68 0,5014 839,87 0,6525 809.11
-0.5402 0.1328 .0.7319 0,0671 -0.9353 0,0563 0,1216 581,86 0.2653 682,06 0,5036 841.40 0.6547 813.37
.0.5438 0.1336 -0,7349 0.06..54 -0,9383 0,0601 0.1236 581.91 0,2685 693,44 0.50.59 841.38 0.6570 806.55
-0.5473 0.1294 -0.7379 0.0690 -0.9413 0.0585 0.1255 586.57 0.2717 688.54 0.5081 845.55 0,6592 803.12
-0.5508 0.1266 .0.7409 0.0725 -0.9443 0.0598 0.1275 591.53 0.2749 678.55 0,5103 841.65 0.6614 798.42
-0.5543 0.1243 -0.7439 0,0686 -0.9473 0.0550 0,1294 599.31 0,2781 692.46 0.5125 848.93 0.6636 826,97
-0.5579 0.1189 -0,7469 0,0677 -0.9503 0.0510 0.1313 610,17 0,2813 716.66 0.5147 855.62 0.6658 819.10
-0,5614 0.1168 -0.7499 0.0673 -0,9533 0,0509 0,1333 630,43 0.2845 750.71 0.5170 852.55 0.6681 835.74
-0.5649 0.1148 .0.7529 0,0662 -0,9563 0.0497 0.1352 675.34 0,2877 736.67 0.5192 852.49 0.6703 808.76
-0.5684 0.1181 -0.7559 0.0653 -0.9593 0.0494 0.1371 646,14 0,2909 691.80 0.5214 857.67 0.6725 790,36
-0.5719 0,1179 -0.7588 0.0668 -0.9623 0.0489 0.1391 629.06 0,2941 691.94 0.5236 862.02 0.6747 806.69
-0.5755 0.1257 -0.7618 0.0640 -0.9653 0.0478 0.1410 630.28 0,2973 714.36 0.5259 864.33 0.6770 808.05
.0.5614 0.1054 -0.7648 0.0592 -0.9683 0.0494 0,1430 655.74 0.3005 722.22 0.5281 869,23 0,6792 786,0,5
-0.5644 0,1044 -0,7678 0.0626 -0.9712 0.0492 0.1449 747.66 0.3037 715.23 0.5303 867.89 0,6814 778.23
.0.5674 0.1079 -0.7708 0.0675 -0.9742 0.0501 0.1468 776.65 0.3069 727,22 0,5325 869.72 0,6836 811.42
-0.5704 0.1099 -0.7738 0.0667 -0.9772 0.0495 0.1488 763.93 0.3836 722,94 0,5347 877,44 0.6858 802,60
.0.5734 0.1069 -0.7768 0,0691 -0.9802 0,0541 0.1507 746,86 0.3859 729.38 0,5370 873.00 0,6881 799.26
-0.5764 0,1068 -0.7798 0.0718 -0,9832 0.0531 0.1526 734,00 0,3881 729.56 0.5392 881.19 0,6903 815.94
.0.5794 0,1103 .0.7828 0,0769 .0.9862 0.0512 0.1546 733.13 0,3903 734,44 0,5414 883,17 0.6925 797,79
-0.5823 0.1131 -0.7858 0.0845 .0,9892 0.0489 0.1565 731.57 0,3925 736,88 0.5436 891.77 0.6947 781.68
.0.5853 0.1098 .0.7888 0.0815 -0,9922 0,0446 0.1585 713,48 0,3947 733.92 0.5459 902.26 0,6970 774,98
.0.5883 0.1082 -0.7918 0,0732 0.1604 705,42 0,3970 732.91 0.5481 896,37 0,6992 811.38
-0.5913 0.1073 .0.7947 0,0624 0.1623 715,55 0.3992 737.21 0.5503 909,01 0,7014 809.10
.0.5943 0.1060 -0,7977 0.0647 CASEP-NU 0.1643 725,08 0,4014 737.46 0.5525 916,40 0.7036 799,39
.0.5973 0.1054 -0,8007 0.0660 0.1662 716,23 0.4036 742.77 0,5547 904.65 0.7058 778.53
.0.6003 0.0996 -0.8037 0.0661 X/SL Nu 0.1682 708,49 0.4059 740,47 0.5570 905.69 0.7081 766.56
-0.6033 0.0929 -0,8067 0,0736 0,0383 1013.79 0.1701 714.66 0.4081 742,68 0,5592 908.45 0.7103 781.72
-0.6063 0.0940 -0.8097 0,0752 0.0403 996.79 0.1720 719.75 0.4103 741,97 0.5614 918.45 0.7125 806.16
-0.6093 0.0950 -0.8127 0.0748 0,0422 982.58 0,1740 717.07 0,4125 748.91 0.5636 914,87 0,7147 772.63
-0.6123 0.0993 -0.8157 0.0730 0.0441 978,08 0,1759 713.59 0.4147 750.91 0,5658 909.35 0,7170 777,74
-0,6153 0.0991 -0,8187 0.0772 0,0461 926.64 0.1778 719.65 0.4170 763,21 0.5681 911.89 0,7192 772,16
-0.6182 0,0997 -0,8217 0.0847 0.0480 907,42 0,1798 721.17 0.4192 770.70 0.5703 923.45 0.7214 767.04
-0.6212 0,1019 -0.8247 0.0902 0,0499 884.03 0.1817 715.28 0,4214 768.98 0.5725 913,39 0.7236 778.67
-0.6242 0.0993 -0.8277 0.0883 0.0519 862.06 0.1837 721.56 0.4236 770.11 0,5747 913.48 0.7258 764.45
-0.6272 0.0973 .0,8306 0.0799 0,0538 841.99 0.1856 718,02 0.4259 777.85 0.5770 909.28 0,7281 763.15
-0.6302 0,0963 -0.8336 0,0743 0.0558 833,38 0.1875 719.10 0,4281 779.53 0.5792 914.91 0.7303 811.88
-0.6332 0.0974 -0.8366 0.0719 0.0577 815.65 0,1895 714.20 0.4303 781.01 0.5814 909.02 0.7325 776,08
-0.6362 0.0973 -0.8396 0.0714 0.0596 798,43 0,1914 723,09 0.4325 777.10 0.5836 896,21 0.7347 751.36
-0,6392 0.0922 -0.8426 0,0696 0.0616 783,64 0.1933 728.27 0.4347 782.87 0,5858 896.81 0,7370 760.44
-0.6422 0.0919 -0.8456 0,0681 0.0635 769.95 0.1953 724,44 0.4370 792.53 0,5881 903.63 0.7392 777.28
-0.6452 0.0911 -0.8486 0,0645 0.0654 757,14 0.1972 723.82 0.4392 795.74 0.5903 901.69 0.7414 745.11
-0.6482 0,0896 -0.8516 0.0626 0.0674 748.57 0.1992 722.85 0.4414 792.88 0.5925 889.71 0,7436 743,99
-0.6512 0,0860 -0.8546 0,0632 0.0693 728.82 0.2011 722.06 0,4436 792.29 0,5947 878.11 0.7458 751.16
-0.6541 0.0835 -0.8576 0.0507 0.0713 724,68 0.2030 716,29 0.4459 791.66 0.5970 886.05 0.7481 758.73
-0.6571 0,0809 .0,8606 0.0631 0.0732 717,49 0.2050 711.20 0,4481 805.17 0.5992 886.80 0.7503 750.55
-0.6601 0,0831 -0.8636 0.0644 0.0751 708,39 0.2069 711.99 0.4503 805.96 0.6014 870.20 0.7525 729.49
-0.6631 0.0802 -0.8665 0.0610 0.0771 698.23 0,2088 708.62 0.4525 800,70 0.6036 863.99 0.7547 737,87
-0.6661 0.0818 -0.8695 0.0637 0.0790 696,90 0.2108 706,73 0.4547 802.46 0.6058 860.21 0.7570 733.65

-0.6691 0.0895 .0.8725 0.0674 0,0810 686.24 0.2127 703.36 0.4570 812.02 0.6081 858.99 0.7592 768,23
-0.6721 0.0854 .0.8755 0.0651 0,0829 680.59 0.2147 698.66 0.4592 815.64 0.6103 862.14 0.7614 753,42
-0.6751 0.0768 -0.8785 0.0606 0.0848 673.08 0.2166 697.57 0,46i4 820.94 0.6125 858,83 0.7636 721.31

-0.6781 0.0825 -0.8815 0.0592 0.0868 664.32 0.2185 696.90 0.4636 816.11 0,6147 851.20 0.7658 732.21
-0.6811 0.0834 -0,8845 0.0568 0.0887 659.20 0.2205 693.66 0.4659 813.95 0.6170 880.19 0.7681 740.62
.0.6841 0.0820 .0.8875 0.0564 0.0906 654,65 0.2224 688,94 0.4681 823,41 0.6192 852.69 0.7703 764.67

-0.6871 0.0754 .0,8905 0.0551 0.0926 647.66 0.2243 683,15 0.4703 821.40 0.6214 863.64 0.7725 732.62
-0.6900 0.0777 -0.8935 0.0520 0.0945 642.57 0.2263 677.54 0.4725 824.14 0.6236 842.32 0.7747 714.61
-0.6930 0,0746 -0,8965 0,0524 0,0965 636.27 0.2282 677,42 0.4747 826.75 0.6258 845.41 0.7770 727.19
-0.6960 0.0758 -0.8995 0,0563 0.0984 628.05 0.2302 676,79 0.4770 833.19 0.6281 858,19 0.7792 721.93
-0.6990 0.0742 .0.9024 0.0537 0.1003 624.27 0.2302 672,74 0.4792 823.65 0.6303 843,04 0.7814 714.20
-0.7020 0.0648 -0,9054 0.0553 0.1023 622.20 0.2334 670,22 0.4814 825.96 0.6325 846.02 0.7836 709.38
.0.7050 0.0648 -0.9084 0.0601 0.1042 612.85 0,2366 670,03 0.4836 831,43 0.6347 842,13 0.7858 710.31
.0.7080 0.0685 -0.9114 0.0611 0,1061 609.08 0.2398 669.97 0.4859 838.02 0.6370 836,20 0.7881 718.99
•0.7110 0.0704 -0.9144 0.0577 0.1081 605.31 0.2430 667.42 0.4881 833.94 0.6392 825.14 0.7903 729.18
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.7925 716,43 0.9436 851,24 -0.3253 475.98 -0.5734 398.63 -0.7768 393.85 -0.9803 561.73 0.1508 0.3084
0,7947 717.76 0.9458 867.49 -0,3289 461.77 -0.5764 398.96 -0.7798 394.50 -0.9833 568.18 0.1527 0.3069

0,7969 719.65 0.9481 877.02 -0.3324 449,21 -0,5794 399.90 -0,7828 395.58 -0.9863 576.93 0.1546 0,3173

0.7992 702.78 0.9503 886.32 -0.3359 445.56 -0.5824 400.08 -0,7858 395,77 -0.9892 584.83 0.1566 0.3321
0.8014 699,92 0.9525 890.00 -0.3394 445.77 -0.5854 399.94 -0.7888 394.65 -0.9922 591.27 0.1585 0.3220
0.8036 707.08 0.9547 906.13 -0.3430 459.06 -0.5884 400.42 -0.7918 393.63 0.1605 0.3201
0.8058 715,58 0.9569 934.77 -0.3465 445.22 -0.5914 401,35 -0.7948 393.55 0.1624 0,3428

0.8081 712.45 0.9592 941,11 -0.3500 445.75 -0.5944 402.29 -0.7978 393.98 CASEP-tl 0.1643 0,3620
0.8103 705,10 -0.3535 446,15 -0.5974 402.92 -0.8008 394,65 0.1663 0.3524

0.8125 703.96 X/PI. Nu -0.3571 446,07 -0.6003 403.09 -0.8038 395.06 X/SL rI 0.1682 0.3429
0.8147 692.53 -0.0103 1341,18 -0,3606 458.47 -0.6033 402.49 -0.8068 396,96 0.0384 0.5002 0.1701 0.3579
0.8169 699.23 -0.0189 1262,40 -0.3641 446.32 -0.6063 404.23 -0.8098 397.18 0.0403 0.4613 0,1721 0.3686
0.8192 700.11 -0.0274 1157,24 -0.3676 444.07 -0,6093 404.47 -0.8127 397.00 0.0422 0,4604 0,1740 0.3611
0.8214 695.05 -0.0360 1020.50 -0.3711 444,95 -0.6123 404.45 -0.8157 395.69 0.0442 0,4308 0.1760 0,3692
0.8236 684.02 -0.0445 922.78 -0.3747 444.87 -0.6153 405.65 -0.8187 396.32 0.0461 0.4796 0,1779 0.3793
0.8258 709.99 -0,0531 826.71 -0.3782 438.11 -0.6183 406.84 -0,8217 397.08 0,0481 0.3941 0.1798 0.3777
0.8281 701.70 -0.0616 779.12 -0,3817 443.31 -0.6213 409.04 -0.8247 398.30 0.0500 0,3224 0.1818 0.3731
0.8303 687.67 -0.0702 699.57 -0.3852 441.40 -0.6243 408,41 -0,8277 399.72 0.0519 0.2754 0.1837 0.3861
0.8325 697.32 -0,0787 633,01 -0,3888 441.77 -0.6273 408.38 -0.8307 400.60 0.0539 0.2400 0.1856 0,3921

0,8347 692.43 -0.0873 592.05 -0.3923 441.31 -0.6303 407.98 -0.8337 400,72 0.0558 0.2318 0,1876 0.3905
0.8369 680.16 -0.0958 547.35 -0,3958 439.86 -0,6333 407,69 -0.8367 401,63 0.0577 0,2184 0.1895 0.3841

0,8392 686.50 -0.1044 539.27 -0.3993 441.45 -0.6362 408.69 -0.8397 402.19 0,0597 0.2153 0.1915 0.3914
0.8414 686,56 -0.1130 496.39 -0.4029 441.68 -0.6392 408.17 -0.8427 403.26 0.0616 0.1992 0.1934 0,3988

0.8436 696.14 -0,1215 468.93 -0.4064 439.85 -0.6422 406.76 -0.8457 404,35 0.0636 0.1973 0.1953 0,3944
0,8458 701.98 -0.1301 459.31 -0.4099 439.50 -0,6452 407.32 -0,8486 404.70 0.0655 0.1913 0.1973 0,4048
0,8481 679.06 -0.1386 454,01 -0.4134 434,44 -0,6482 408.50 -0,8516 405.04 0.0674 0.2001 0.1992 0.4087

0.8503 673.28 -0.1472 450.73 -0.4170 434.78 -0.6512 407.73 -0.8546 405.91 0.0694 0.1796 0.2011 0.4056
0.8525 679.62 -0.1557 467.74 -0.4205 441.24 -0,6542 407.71 -0.8576 406.89 0,0713 0.1949 0.2031 0,4047
0.8547 684.99 -0.1643 482.04 -0,4240 440,i8 -0.6572 408.10 -0,8606 408.27 0.0732 0.2044 0,2050 0.4061
0.8569 682.50 -0.1728 477.22 -0,4275 435.88 -0.6602 407.43 -0,8636 409.73 0.0752 0,1986 0.2070 0.4115
0.8592 675.32 -0.18i4 519162 -0.4310 437,25 -0.6632 407.04 -0,8666 411,09 0.0771 0.1928 0.2089 0.4036
0.8614 674.60 -0.1899 540.57 -0.4346 443.22 -0,6662 407,44 -0.8696 412.86 0.0791 0.2039 0.2108 0.4082
0,8636 689.07 -0,1985 468.18 -0.438i 443.63 -0.6692 411.19 -0.8726 414.79 0.0810 0.1999 0.2128 0.4041
0.8658 682.93 -0.2020 501.96 -0.4416 444.55 -0,6721 407.81 -0.8756 416,49 0.0829 0.2121 0.2147 0.3971
0.8681 682.98 -0.2055 454.37 -0.4451 441,10 -0.675"1 407.43 -0.8786 4i7.3"1 0.0849 0.2066 0.2166 0.4059
0.8703 691,26 -0.2091 498.42 -0.4487 441,65 -0.6781 408.79 -0,8816 419,08 0,0868 0.1992 0.2186 0.4065
0.8725 686.42 -0.2126 519.61 -0,4522 430,04 -0.6811 407,86 -0.8845 421.86 0.0888 0.2076 0.2205 0.4086
0,8747 684.08 -0.2161 521.59 -0.4557 431.20 -0.6841 406.98 -0.8875 424,33 0.0907 0.2166 0.2225 0.4017
0.8769 681,23 -0.2196 532.32 -0,4592 429,93 -0.6871 406,10 -0,8905 425.95 0.0926 0.2180 0.2244 0.4029
0.8792 687.20 -0.2232 543.09 -0,4628 422.34 -0.6901 407.18 -0.8935 428.68 0.0946 0.2204 0,2263 0,4009
0.8814 688.04 -0.2267 535.12 -0.4663 416.72 -0.6931 407.46 -0.8965 431,06 0.0965 0,2217 0.2283 0,3991
0.8836 689.04 -0,2302 495,20 -0.4698 426.97 -0.6961 406.70 -0,8995 433.61 0,0984 0.2144 0.2302 0.3990

0,8858 690,71 -0,2337 468.61 -0.4733 431.93 -0.6991 406,22 -0.9025 436.98 0,1004 0.2162 0,2302 0,3965
0.8881 688,81 -0.2372 469.16 -0.4769 437.07 -0.7021 402.91 -0.9085 440.40 0.1023 0.2234 0.2334 0.3911

0.8903 695.29 -0,2408 489.41 -0.4804 408,29 -0.7051 401,84 -0,9085 444.76 0.1043 0.2169 0.2366 0,3885
0.8925 697.29 -0.2443 479.96 -0.4839 416.72 -0,7080 401,29 -0.9115 447.86 0.1062 0.2162 0.2398 0.3854
0.8947 702,86 -0,2478 502.52 -0.4874 406.11 -0.7110 401.73 -0.9145 450.78 0.1081 0.2145 0.2430 0.3786
0.8969 710.51 -0,2513 515.35 -0.4910 410,28 -0.7140 401,17 -0.9174 454.60 0.1101 0.2235 0.2462 0.3761
0.8992 729.87 -0.2549 506.41 -0.4945 411,38 -0,7170 399,56 -0.9204 459,19 0,1120 0.2289 0.2494 0.3749
0.9014 722.10 -0.2584 514.60 -0.4980 415.56 -0.7200 398,89 -0.9234 462.70 0.1139 0.2222 0.2526 0.3775
0.9036 741,80 -0,2619 503.45 -0.5015 419.54 -0.7230 398.89 -0.9264 466.66 0.1159 0,2257 0.2558 0.3817
0,9058 732.37 -0.2654 495.66 -0.5050 419.80 -0.7260 399.77 -0.9294 470,40 0.1178 0,2256 0.2590 0.3863
0.9081 734,35 -0.2690 499.03 -0.5086 403,73 -0.7290 398.69 -0.9324 474.99 0.1i98 0.2254 0.2622 0.3862
0,9103 738.09 -0,2725 489.33 -0.5121 396.24 -0.7320 395,83 -0.9354 478,46 0.1217 0.2202 0,2654 0.3974
0.9125 739.77 -0.2760 469.38 -0.5156 406.68 -0.7350 395.65 -0.9384 483.85 0.1236 0.2182 0.2686 0,4139
0.9147 746.74 -0.2795 479.08 -0.5191 389.93 -0.7380 396,98 -0.9414 487.59 0.1256 0.2324 0.2718 0.4057
0.9169 752.75 -0.2831 469.04 -0.5227 410,92 -0.7409 398.10 -0.9444 493,01 0.1275 0.2387 0.2750 0.4157
0.9192 764.23 -0.2866 479.96 -0,5262 416.82 -0.7439 398,39 -0.9474 496,41 0,1294 0.2481 0.2782 0.4558
0.9214 766.23 -0.2901 469.45 -0.5297 422.00 -0.7469 396.20 -0.9504 500.54 0,1314 0.2628 0.2814 0.4938
0,9236 771.07 -0,2936 496.81 -0,5332 416.01 -0.7499 394.72 -0.9533 506.21 0.1333 0.2755 0.2846 0.5184
0.9258 784.46 -0.2971 492.75 -0.5495 395.53 -0.7529 394.10 -0.9563 509.85 0.1353 0.3400 0.2878 0,5181
0.9281 786.82 -0.3007 484.39 -0.5525 396.34 -0.7559 393,57 -0.9593 515.65 0,1372 0.3362 0.2910 0,4897
0.9303 796.05 -0.3042 458.52 -0.5555 396.05 -0.7589 393,58 -0,9623 520,77 0.1391 0.3367 0.2942 0.5045
0.9325 801.01 -0.3077 462.59 -0.5585 396.32 -0.7619 393.34 -0.9653 526.65 0.1411 0.3245 0.2974 0.5372
0.9347 811.27 -0.3112 465.04 -0.5615 396,71 -0.7649 392.68 -0,9683 533,39 0,1430 0,3203 0.3006 0.5508
0.9369 821,44 -0.3148 491,09 -0.5645 397.27 -0,7679 392.46 -0.9713 539.24 0.1449 0.3159 0.3038 0.5220
0.9392 831.14 -0.3183 452.01 -0.5674 397.99 -0.7709 392.75 -0.9743 546.64 0.1469 0,3272 0.3069 0.4400

0,9414 846.29 -0.3218 451,22 -0.5704 399.02 -0.7739 393.33 -0,9773 553.62 0.1488 0,3079 0.3837 0.3769
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Appendix 7.2 - Data for Spanwlse Averaged Nusselt Number and Film Cooling Effectiveness

0.3859 0.3846
0.3881 0.3902
0.3904 0.3904
0.3926 0.3897
0.3948 0.3847
0.3970 0.3802
0.3992 0.3791
0.4015 0.3743
0.4037 0.3698
0.4059 0.3637
0,4081 0.3665
0,4104 0.3616
0.4126 0.3546
0.4148 0.3359
0.4170 0.3339
0.4192 0.3380
0.4215 0,3315
0.4237 0.3421
0.4259 0.3497
0.4281 0.3472
0.4304 0.3353
0.4326 0.3413
0.4348 0.3426
0.4370 0.3403
0.4392 0.3349
0.4415 0.3372
0.4437 0.3546
0.4459 0.3429
0.4481 0.3467
0.4503 0.3511
0.4526 0.3496
0.4548 0.3559
0.4570 0.3557
0.4592 0.3487
0.4615 0.3566
0.4637 O.3555
0.4659 0.3489
0.4681 0.3533
0.4703 0.3543
0.4726 0.3487
0.4748 0.3417
0.4770 0.3358
0.4792 0.3311
0.4815 0.3392
0.4837 0.3311
0.4859 0.3285
0.4881 0.3209
0.4903 0.3157
0.4926 0.3154
0.4948 0.3195
0.4970 0.3174
0.4992 0.3103
0.5015 0.3073
0.5037 0.2980
0.5059 O.2975
0.5081 0.2985
0.5103 0.2927
0.5126 0.2973
0.5148 0.2971
0.5170 0.2870
0.5192 0.2907
0.5215 0.2919
0.5237 0.2845
0.5259 0,2818
0.5281 0.2809

0.5370 0,2738
0.5392 0.2788
0.5415 0.2704
0.5437 0.2691
0.5459 0,2674
0.5481 0.2637
0.5503 0.2580
0.5526 0.2671
0.5548 0.2598
0.5570 0,2540
0.5592 0.2443
0.5615 0.2550
0.5637 0.2526
0.5659 0.2375
0.5681 0,2348
0.5703 0.2396
0.5726 0.2456
0.5748 0.2406
0.5770 0.2321
0.5792 0.2338
0.5815 0.2388
0.5837 0.2267
0.5859 0.2159
0.5881 0.2280
0.5903 0.2253
0.5926 0.2195
0.5948 0.2074
0.5970 0.2123
0.5992 0.2215
0.6015 0,2138
0.6037 0.2066
0.6059 0.1976
0.6081 0.2024
0.6103 0.1968
0.6126 0.2012
0.6148 0.2142
0.6170 0.1901
0.6192 0.1791
0.6215 0.1859
0.6237 0.1863
0.6259 0.1704
0.6281 0.1882
0.6303 0.1773
0.6326 0.1874
0.6348 0.1947
0.6370 0.1906
0.6392 0.1848
0.6415 0.1938
0.6437 0.1794
0.6459 0.1992
0.6481 0.1748
0.6503 0.1737
0.6526 O.1756
0.6548 0.1683
0.6570 0.1611
0.6592 0.1730
0.6615 0.1724
0.6637 0.1865

0.6881 0.1809 0.8392 0.1551 -0.1471 0.3031 -0,4240 0.2290 .-0,6512 0.1293
0.6903 0.1972 0.8414 0.1501 -0.1557 0.2675 ..0,4275 0.2380 -0,6541 0.1227
0.6926 0.1859 0.8437 0.1411 --0.1642 0.3083 -0.4310 0.2320 -0.6571 0.1194
0.6948 0,1746 0.8459 0.1452 -0.1728 0.2574 -0.4345 0.2370 -0.6601 0.1222
0.6970 0.1749 0.8481 0.1384 -0.1813 0.2934 -0.4380 0.2280 -0.6631 0.1236
0.6992 0.1932 0.8503 0.1413 -0.1899 0.2943 -0.4416 0.2260 -0,6661 0.1270
0.7014 0,1920 0.8526 0.1383 -0.1984 0.2529 -0.4451 0.2300 .-0,6691 0.1360
0.7037 0,1817 0.8548 0.1335 -0.2020 0.2499 -0.4486 0.2290 -0.6721 0.1284
0.7059 0.1682 0,8570 0.1413 -0.2055 0.1896 -0.4521 0.2250 -0.6751 0.1279
0.7081 0.1674 0,8592 0.1427 -0,2090 0.1809 -0.4557 0.2240 -0.6781 0.1301
0.7103 0.1857 0.8614 0.1331 -0.2125 0.2088 -0.4592 0.2200 -0.6811 0.1253
0.7126 0.1933 0,8637 0.1349 -0,2161 0.2170 -0.4627 0.2189 -0.6841 0.1207
0.7148 0.1710 0.8659 0.1321 -0.2196 0.1982 -0,4662 0.2242 -0.6871 0.1141
0.7170 0.1767 0.8681 0.1314 -0.2231 0.2336 -0.4698 0.2239 -0.6900 0,1206
0.7192 0.1781 0.8703 0.1295 -0.2266 0.1911 -0.4733 0.2237 -0.6930 0.1215
0.7214 0.1734 0.8726 0.1281 -0.2302 0.2150 -0.4768 0.2175 -0.6960 0.1188
0.7237 0.1790 0.8748 0.1276 -0.2337 0.1972 -0.4803 0.2120 -0.6990 0.1169
0.7259 0.1742 0.8770 0.1303 -0.2372 0.2552 -0.4839 0.2010 -0.7020 0.1085
0.7281 0.1754 0.8792 0.1324 -0.2407 0.2795 -0.4874 0.1864 -0.7050 0.1066
0.7303 0.1996 0.8814 0.1285 -0.2442 0.3015 -0.4909 0.1935 -0.7080 0.1120
0.7326 0.1756 0.8837 0.1264 -0.2478 0.2769 ..0.4944 0.1897 -0.7110 0.1160
0.7348 0.1540 0.8859 0.1305 -0,2513 0.2406 -0.4979 0.1979 -0.7140 0.1113
0.7370 0.1704 0.8881 0.1269 -0.2548 0.2483 -0.5015 0.2117 -0,7i70 0.1111
0.7392 0.1757 0.8903 0.1240 -0,2583 0.3.300 -0.5050 0.2101 -0.7200 0.1134
0.7414 0.1655 0.8926 0.1233 -0.2619 0.2900 -0.5085 0.2038 -0.7230 0.1146
0.7437 0.1663 0.8948 0.1295 -0.2654 0,3000 -0.5120 0.2009 -0.7259 0.1175
0.7459 0.1739 0.8970 0.1351 -0,2760 0.3010 -0.5156 0.2031 -0.7289 0.1216
0.7481 0.1745 0.8992 0.1293 -0.2795 0.3040 -0.5191 0.1886 -0.7319 0.1116
0.7503 0.1636 0.9014 0.1177 -0.2830 0.3000 -0.5226 0.1980 -0.7349 0.1075
0,7526 0.1471 0.9037 0.1179 -0.2865 0.3000 -0.5261 0.2027 -0.7379 0.1100
0.7548 0.1553 0.9059 0.1020 -0,2901 0.2901 -0.5297 0.2124 -0.7409 0.1128
0,7570 0.1574 0.9081 0.1079 -0.2936 0.2943 -0.5332 0.2059 -0.7439 0.1130
0,7592 0.1869 0.9103 0.1137 -0,2971 0.3003 -0.5367 0.1963 -0.7469 0.1141
0,7614 0,1680 0.9126 0.1113 -0.3006 0.2918 -0.5402 0.1785 -0.7499 0.1110
0.7637 0.1559 0,9148 0.1107 -0.3041 0,2950 -0.5438 0.1798 -0.7529 0.1142
0.7659 0.1519 0.9170 0.1084 -0.3077 0.2930 -0.5473 0.1812 -0.7559 0.1095
0.7681 0.1738 0.9192 0.1163 -0.3112 0.2960 -0.5508 0.1801 -0.7588 0.1162
0.7703 0.1848 0.9214 0.1106 -0.3147 0.2880 -0.5543 0.1725 -0.7618 0.1113
0,7726 0.1697 0.9237 0.1095 -0.3182 0.2900 -0.5579 0.1700 -0.7648 0.1134
0.7748 0.1488 0.9259 0.1169 -0.3218 0.2830 -0.5614 0.1659 -0.7678 0.1126
0,7770 0.1627 0.9281 0.1125 -0.3253 0.2830 -0.5649 0.1681 -0.7708 0.1120
0.7792 0.1624 0.9303 0.1130 -0.3288 0,2800 -0.5684 0.1807 -0.7738 0.1241
0.7814 0.1581 0.9325 0.1134 -.0.3323 0.2740 -0.5719 0.1672 -0.7768 0.1264
0.7837 0.1513 0.9348 0.1125 -0.3359 0.2770 -0.5755 0.1698 -0.7798 0.1198
0.7859 0.1538 0.9370 0.1123 -0.3394 0.2700 -0.5794 0.1600 -0.7828 0.1200
0.7881 0.1613 0.9392 0,1133 -0.3429 0.2650 -0.5823 0. i568 -0.7858 0.1181
0.7903 0.1691 0.9414 0.1112 -0.3464 0.2800 -0.5853 0.1577 -0.7888 0.1250
0.7926 0.1645 0.9437 0.1023 -0.3500 0.2690 -0.5883 0.1557 -0.7918 0.1171
0,7948 0.1555 0.9459 0.1033 -0.3535 0.2650 -0.5913 0.1515 -0.7947 0.1172
0.7970 0.1530 0.9481 0.1075 -0.3570 0.2620 -0,5943 0.15i7 -0.7977 0,1237
0.7992 0.1614 0.9503 0.1029 -0.3605 0.2720 -0.5973 0.1451 -0.8007 0,1249
0.8014 0.1600 0.9525 0.1021 -0.3640 0,2620 -0.6003 0.1449 -0.8037 0,1283
0.8037 0.1623 0.9548 0,1027 -0.3676 0.2550 -0.6033 0.1411 -0.8067 0.1294
0.8059 0.1675 0.9570 0.1028 -0.3711 0.2600 -0,6063 0. i468 -0,8097 0.1228
0.8081 0.1548 0.9592 0.1009 -0.3746 0.2530 -0,6093 0.1424 -0.8127 0.1258
0.8103 0. t604 -0.3781 0.2520 -0.6123 0.1397 -0.8157 0.1266
0.8126 0.1503 X/PL q -0.3817 0.2500 -0,6153 0.1436 -0.8187 0.1269
0.8148 0.1412 -0.0530 0.4497 -0.3852 0.2460 -0.6182 0.1459 -0.8217 0.1297

0,6659 0.1829 0.8170 0.1437 -0.0616 0.4296 -0.3887 0.2500 -0.6212 0.1464 -0.8247 0.1306
0.6681 0.1956 0.8192 0.1614 -0.0701 0.4073 -0.3922 0.2450 -0.6242 0.1456 -0.8277 0.1296
0.6703 0.18.58 0.8214 0.1609 -0.0787 0.3804 -0.3958 0.2400 -0.6272 0.1451 -0.8306 0.1268
0.6726 0.1666 0.8237 0.1413 -0.0872 0.3788 -0.3993 0.2400 -0.6302 0.1411 -0.8336 0.1299
0.6748 0.1766 0.8259 0.1621 -0.0958 0.3294 -0.4028 0,2380 -0.6332 0.1383 -0.8366 0.1345
0.6770 0.1816 0.8281 0.1546 -0.1044 0.3166 -0.4063 0.2400 -0.6362 0.1406 -0.8396 0.1350
0.6792 0.1721 0.8303 0,1486 -0.1129 0.2906 -0.4099 0.2350 -0.6392 0.1336 -0.8426 0.1345

0.5303 0.2821 0.6814 0.1649 0.8326 0.1446 -0.1215 0.2834 -0.4134 0.2330 -0.6422 0.1295 -0.8456 0.1354
0.5326 0.2755 0.6837 0.1835 0.8348 0.1500 -0.1300 0.2941 -0.4169 0.2330 -0.6452 0.1313 -0.8486 0.1305
0.5348 0.2770 0.6859 0.1864 0,8370 0.1383 -0.1386 0,3066 -0.4204 0.2300 -0,6482 0.1329 -0.8516 0.1299
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.8546 0.1270 0.0694 929.51 0.2011 779.68
-0.8576 0.1266 0,0713 918.O9 0.2030 757.57

0.0732 906.19 0.2050 760.23-0.8606 0.1278
-0.8636 0.1318 0.0752 892.69
-0,8665 0.1313 0.0771 874,02
-0.8695 0.1288 0.0791 867,09
•.0.8725 0.1344 0.0810 850.09
-0.8755 0.1292 0.0829 840.63
-0.8785 0.1191 0.0849 826.98
-0,8815 0.1196 0.0868 816.85
-0,8845 0,1199 0,0888 803.65
-0.8875 0,1214 0,0907 791.46
-0.8905 0.1189 0.0926 787.58
-0.8935 0.1236 0.0946 781,75
-0,8965 0,1251 0.0965 768,52
-0.8995 0.1270 0.0984 759.11
-0.9024 0.1287 0.1003 747.37
-0.9054 0.1292 0.1023 739.83
-0.9084 0.1299 0.1042 728,73
-0.9114 0.1321 0.1061 725.20
-0.9144 0.1322 0.1081 724.12
-0.9174 0.1359 0.1100 717.52
-0.9204 0.1416 0.1120 707.69
-0.9234 0.1384
-0,9264 0.1352
-0.9294 0.1334
-0.9324 0_1360

0.2069 770.88
0,2088 758.43
0.2108 736.84
0.2127 744.18
0.2147 724,42
0.2166 714,88
0.2185 712.93
0,2205 711.70
0.2224 703.66
0.2243 703.88
0.2263 655,36
0.2282 684.46
0.2302 683.28
0,2302 677.51
0.2334 677.12
0,2366 677.45
0,2398 680.19

0.4436 914.25
0.4459 916.55
0.4481 914,74
0.4503 912,00
0.4525 910.99
0.4547 913.77
0.4570 918.82
0.4592 917.12
0.4614 920.46
0.4636 919.07
0,4659 917.31
0.4681 921,56

0.5947 1034.63
0.5970 1043.81
0.5992 1032.43
0.6014 1017.90
0.6036 1004.20
0.6058 1005,06
0.6081 1008,71
0.6103 1002.60
0.6125 992.39
0.6147 993,41
0,6170 1002.15
0,6192 1002.84

0.4703 919.56 0.6214 1010.22
0.4725 929.46 0.6236 999.11
0.4747 929,11 0.6258 994.64

0.2430 690.04 0,4881 952.05
0.2461 697.27 0,4903 952.40
0.2493 697.09 0.4925 95,4.01

0.1139 703.42 0.2525 700.15 0.4947 960.21
0.1158 706.66 0,2557 704.11 0.4970 958.36
0.1178 712,21 0.2589 710.25 0,4992 957.49
0.1197 701.68 0.2621 718.22 0.5014 963.07

0.7458 840.98
0.7481 854.11
0.7503 845.77
0,7525 843.36
0,7547 837.79
0.7570 839.83
0,7592 827,67
0.7614 833,61
0.7636 838.66
0.7658 830.33
0.7681 830.76
0.7703 845.76
0,7725 821.24
0.7747 83O,68
0.7770 835.10

0.4770 939.93 0.6281 1009.37 0.7792 827,10
0,4792 934.90 0.6303 991.77 0.7814 815.86
0.4814 934.28 0.6325 974.20 0.7836 813.45
0.4836 939.89 0.6347 989.52 0.7858 823.55
0.4859 948,99 0.6370 990.01 0.7881 841.35

0.6392 975.29 0.7903 823.00
0.6414 973,70 0.7925 808,13
0.6436 986.60 0,7947 822.91
0.6458 981.81 0.7969 834,09
0.6481 963,57 0.7992 815.76
0.6503 956.78 0.8014 827.30
0.6525 966.34 0.8036 810.42

0.8969 855.69
0.8992 859.02
0.9014 866.64
0.9036 878.20
0.9058 881.38
0.9081 884.78
0.9103 884.53
0,9125 884.14
0.9147 907.17
0.9169 909,92
0.9192 922.77
0.9214 935.91
0.9236 934.81
0.9258 952.49
0.9281 950.51
0,9303 961.25
0.9325 968,92
0.9347 986.00
0.9369 999.84
0.9392 1007.61
0.9414 1028.89
0.9436 1056.84
0.9458 1071.02
0.9481 1090.53
0.9503 1087.66
0.9525 1103.40
0.9547 1i17.31

-0.9353 0.1337
-5.9383 0.1314
-0.9413 0.1239

-0,9443 0.1238
-0,9473 011252
-0,9503 0.1206

-0.9533 0,1209

-0.9563 0.1144
-0.9593 0,I137
-0.9623 0.1133

-0.9653 0.1162
-0,9683 0.1152

-0,9712 0.1080
-0,9742 0.1010

-0.9772 0.0975
-0,9802 0,1011
-0,9832 0.0983
-0.9862 0.1011
-0.9892 0.0898

-0._Y22 0.08O6

CASE O- Nu

0.1216 689.43 0.2653 718,62
0.1236 685.74 0.2685 719,!1
0.1255 686.57 0.2717 725.19
0.1275 695.58 0,2749 728.74
0,1294 702,48 0.2781 728.41
0.1313 704.20 0.2813 736.03
0.1333 708.54 0,2845 739.21
0.1352 723.33 0.2877 752.43
0.1371 750.21 0.2909 773.30
0.1391 802.21 0,2941 727.69
0.1410 747.20 0.2973 735,23
0,1430 724,58 0.3005 763.56
0.1449 722.89 0,3037 732.40
0.1468 751.17 0.3069 741.75
0.1488 852.94 0.3836 883.77
0,1507 883.26 0,3859 878.68
0,1526 891.00 0.3881 874.40
0.1546 872.84 0.3903 879,21

0.1565 876.18 0.3925 890,88
0.1585 889.25 0,3947 887,95
0.1604 882.35 0,3970 891.46

0.5036 964.96 0.6547 948.55
0,5059 961.74 0.6570 964,43
0,5081 962,77 0.6592 942.32
0.5103 960,92 0.6614 933.76
0,5125 973.70 0,6636 945.53
0,5147 976.77
0.5170 981,20
0.5192 983.87
0,5214 981,64
0.5236 991.62
0.5259 994.41
0,5281 996,00
0,5303 1005.54
0.5325 1006,69

0.6658 936.28
0.6681 949.26
0.6703 941.08
0.6725 941,49
0.6747 961.39
0.6770 935.48
0.6792 927,16
0.6814 914.02
0.6836 924,66

0.5347 1010.65 0.6858 922.03
0.5370 1012.53 0.6881 917.39
0,5392 1012.54 0.6903 929.11
0.5414 1018.01 0.6925 910,41

0.8058 815.89 0.9569 1150.01
0.8081 815.76 0,9592 1159.26
0.8103 805.88
0,8125 820.27 X/PL Nu
0.8147 815.12 -0.0103 1071,24
0,8]69 832,58 -0.0188 1027.62
0.8192 812.54 -0.0274 988.54
0.8214 806.39 -0,0359 905.79
0,8236 809.93 -0.0445 826.11
0,8258 815,28 -0.0530 782.70
0.8281 813.00 -0,0616 744.57
0.8303 800.99 -0.0701 700.10
0.8325 822.44 -0.0787 660.72
0,8347 828.82 -0.0872 623.34
0.8369 811.52 -0.0959 584.07
0,8392 810.60 -0,1044 553.41
0,8414 821,82 -0.1130 525.94
0.8436 824.58 -0,1215 496.53

0.5436 1025.75 0.6947 900,26 0.8458 822.69 -0.1301 482.33

0.5459 i037.16 0.6970 883.83 0.8481 809,63 -0.1386 467,14
0.5481 1037.20 0.6992 905.12 0.8503 813.03 -0.1472 459.96

0.1623 851,56
0.1643 843.84 0.4014 882.25 0.5525 1048.01 0.7036 897.68
0.1662 838.69 0.4036 880.51 0.5547 1044.93 0.7058 883.84

X/SL Nu 0,1682 826.29 0,4059 886.04 0.5570 1052,24 0.7081 883.22
0.0384 1246.52 0,1701 828,07 0.4081 886.91 0,5592 1060.21 0,7103 881.33

0,0403 T295.13 0,1720 817,66 014103 887,48 0.5614 1061.52 0.7125 889.53

0,3992 890.35 0.5503 1049.96 0.7014 895.05 0.8525 808.42 -0.1557 445.47

0,0422 1163.57
0.0442 1098,31
0.0461 1111.67
0.0481 1097.14
0.0500 1050,62
0.0519 1041.08
0.0539 1028.82
0.0558 1025.45 0.1875 793.48 0.4281 907.44
0.0577 1026.89 0.1895 787.47 0.4303 916.83
0,0597 1015.26 0.1914 829.14 0.4325 911.71
0.0616 992,16 0.1933 828,85 0,4347 906.81
0.0636 979.79 0.1953 791.50 0.4370 917,02
0.0655 967.43 0.1972 792.60 0.4392 917.64
0.0674 937.90 0.1992 782,86 0.4414 915.90

0.5636 1057.03
0.5658 1055.20
0.5681 1064,02
0,5703 1069.40
0.5725 1058.61
0.5747 1058.70
0.5770 1062.35
0.5792 1058.14
0.5814 1052.21
0.5836 1052.24
0,5858 1048,99
0,5881 1046,51
0.5903 1047,10
0.5925 1037.33

0.7147 877,98
0.7170 867.74
0.7192 864.94
0.7214 870.99
0,7236 888.21
0.7258 888.68
0.7281 871.31
0,7303 873.43
0.7325 871.46
0.7347 879.13
0.7370 857,29
0.7392 872,11
0.7414 857.O9
0.7436 834.91

0.1740 826.25 0.4125 895.23
0.1759 828,48 0.4147 898.58
0,1778 839.54 0.4170 907.94
0.1798 823.89 0.4192 907.31
0.1817 833.91 0.4214 912.18
0.1837 816.63 0.4236 909.21
0.1856 794,85 0.4259 909,34

0.8547 822.42 -0.1643 438.12
0.8569 814.97 -0.1728 433.14

0,8592 820.19 -0.1814 434.62
0,8614 812.53 -0.1899 450.74
0.8636 817,91 -0.1985 437.27
0,8658 815,59 -0.2020 393.16
0.8681 826.25 -0.2055 379.99

0.8703 839.87 -0.2091 370.47
0,8725 845.03 -0.2126 379.41
0.8747 833.88 -0,2161 376.89
0,8769 834.61 -0.2196 364.61

0.8792 843.32 -0,2232 379.58
0,8814 834.37 -0.2267 391.23

0,8836 831.07 -0.2302 403.45
0.8858 847.81 -0.2337 412.78
0.8881 841.73 -0.2372 431,88
0.8903 843.59 -0.2408 443.28
0.8925 847.90 -0.2443 456.32
0.8947 854.27 -0.2478 467,85
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.2513 479.91 -0.4867 436.51 -0,6901 439.69 -0.8935 467.69 0,0946 0.2505 0.2263 0.2992 0.4726 0.2644
-0.2549 490.75 -0.4897 432.95 -0.6931 441.73 -0.8965 468.92 0.0965 0.2457 0.2283 0.2986 0.4748 0.2657
-0.2584 497.27 -0.4927 436.88 -0.6961 441.72 -0.8995 471,54 0.0984 0.2520 0.2302 0.2990 0.4770 0.2623
-0.2619 508.46 -0.4956 434.11 .0.6991 441.42 -0.9025 473.16 0.1004 0.2489 0.2302 0.2972 0,4792 0.2586
-0.2654 501.86 -0.4986 433.70 -0.7021 439.82 .0.9055 474.46 0.1023 0.2504 0.2334 0.2959 0.4815 0.2591
-0.2690 493.15 .0.5016 434.87 -0.7051 437.31 -0.9085 475.95 0.1043 0.2433 0.2366 0.2929 0,4837 0.2520
.0.2725 486.20 -0.5046 435.01 -0.7080 436,09 .0.9115 478,98 0.1062 0,2461 0.2398 0.2887 0.4859 0.2551
-0.2760 474.80 -0.5076 438.20 -0,7110 433,20 -0.9145 483.22 0.1081 0.2477 0.2430 0.2947 0.4881 0.2565
-0.2795 464,15 -0.5106 438.44 -0.7140 431.33 -0.9174 487.29 0.1101 0.2473 0.2462 0.2952 0.4903 0.2569
-0.2831 475,01 -0.5136 433.71 -0.7170 429.90 -0.9204 492.31 0.1120 0.2354 0.2494 0,2941 0.4926 0.2540
-0.2866 480.97 -0,5166 438.57 -0.7200 431,13 -0.9234 498.41 0.1139 0.2423 0,2526 0.2972 0.4948 0.2565
.0.2901 475.35 -0.5196 442.82 -0.7230 432.16 -0.9264 504.97 0.1159 0.2535 0.2558 0.2995 0.4970 0.2540
.0.2936 478,25 -0.5226 437,47 .0.7260 430.71 -0.9294 511.00 0.1178 0.2564 0.2590 0.2983 0.4992 0.2491
-0.2971 475.24 -0.5256 436.40 -0.7290 430.53 -0.9324 517.43 0,1198 0.2503 0.2622 0.3032 0.5015 0.2482
-0.3007 474.72 -0.5286 436.37 -0.7320 431.45 -0.9354 522.70 0.1217 0.2430 0.2654 0.3084 0.5037 0.2457
-0.3042 474.91 -0.5315 434.00 -0.7350 429,27 .0.9384 527.65 0.1236 0.2419 0.2686 0.3117 0.5059 0.2425
-0.3077 473.65 -0.5345 437.41 -0.7380 427.66 -0.9414 535.11 0.1256 0.2375 0.2718 0.3190 0.5081 0.2412
-0.3112 470.97 -0.5375 437.66 -0.7409 427.78 -0.9444 540.61 0.1275 0.2399 0.2750 0.3226 0.5103 0.2344
-0.3148 469.66 -0.5405 440.93 -0.7439 427.16 -0.9474 549.91 0.1294 0.2444 0.2782 0.3387 0,5126 0.2385
.0.3183 468.70 -0.5435 439.38 -0.7469 426,96 -0.9504 558,70 0.1314 0.2504 0.2814 0.3818 0.5148 0.2340
-0.3218 469.11 -0.5465 441.82 -0.7499 429.62 -0.9533 569.63 0.1333 0.2541 0,2846 0.4092 0.5170 0.2398
-0.3253 468.57 -0.5495 447.67 -0.7529 425.86 -0.9563 577.01 0.1353 0.2592 0.2878 0.4110 0.5192 0.2388
-0.3289 465.15 -0.5525 447.16 -0.7559 425.60 -0.9593 579.57 0.1372 0.2756 0.2910 0.3849 0.5215 0.2342
-0.3324 463.76 -0,5555 447.06 -0.7589 423.89 -0.9623 581.06 0.1391 0.3278 0.2942 0.3630 0.5237 0,2278
.0.3359 463.33 -0,5585 442.27 -0.7619 421.87 -0.9653 586.16 0.1411 0.3299 0.2974 0.3809 0.5259 0.2321
-0.3394 465.06 -0.5615 441.78 -0.7649 421.95 -0.9683 596.09 0.1430 0.3170 0.3006 0.3785 0.5281 0.2269
-0.3430 463.90 -0.5645 443.58 .0.7679 422.48 -0.9713 607.25 0.1449 0.3108 0.3038 0.3896 0.5303 0.2322
-0.3465 462.29 -0.5674 444.58 -0.7709 424.55 -0.9743 611.42 0.1469 0.2975 0.3069 0.3790 0.5326 0.2244
-0.3500 462.98 -0.5704 442.79 -0.7739 426.01 -0.9773 617.0i 0.1488 0.2875 0.3837 0.3431 0.5348 0.2284
-0.3535 463.05 -0.5734 446.10 -0.7768 425.32 -0.9803 624.17 0,1508 0.2879 0.3859 0.3439 0.5370 0.2289
-0.3571 461.34 -0.5764 440.17 -0.7798 424.68 -0.9833 628.85 0.1527 0.2997 0.3881 0.3471 0.5392 0.2228
.0.3606 462.01 -0.5794 437.06 -0.7828 422.67 -0.9863 636,94 0.1546 0.2895 0.3904 0.3476 0.5415 0.2246
-0.3641 461.40 -0.5824 441.52 -0.7858 422.73 -0.9892 647.04 0.1566 0.2802 0.3926 0.3576 0.5437 0.2243
-0.3676 457.00 -0.5854 436.76 -0.7888 423.17 -0.9922 659,39 0.1585 0.2976 0.3948 0.3501 0.5459 0.2308
-0.3711 457.24 -0.5884 435.93 -0.7918 422.72 0.1605 0.3018 0.3970 0.3498 0.5481 0.2234
-0.3747 460.04 -0.5914 436.58 -0.7948 423.83 0.1624 0.2899 0.3992 0.3392 0.5503 0.2224
-0.3782 459.95 -0.5944 438.15 -0.7978 423.22 CASEQ-tl 0.1643 0.2B60 0.4015 0.3268 0.5526 0.2209
-0.3817 455.11 -0.5974 437.10 -0.8008 424.06 0.1663 0.2770 0.4037 0.3264 0.5.548 0.2207
-0.3852 456.05 -0.6003 434.84 -0.8038 423.58 X/$L 11 0.1682 0.2739 0.40.59 0.3337 0.5570 0.2169
-0.3888 452.50 -0.6033 437,35 -0.8068 424.26 0.0384 0.3650 0.1701 0.2797 0.4081 0.3307 0.5592 0.2149
-0.3923 450.71 -0.6063 439,33 -0.8098 426.82 0.0403 0.2422 0.1721 0.2687 0.4104 0.3164 0.5615 0.2167
-0.3958 451.25 -0.6093 438.80 -0.8127 428.21 0.0422 0.2361 0.1740 0.2709 0.4126 0.3108 0.5637 0.2161
-0.3993 451.93 -0.6123 442.21 -0.8157 429.57 0.0442 0.2451 0.1760 0.2612 0.4148 0.3066 0.5659 0.2056
-0.4029 451.91 -0.6153 438.89 -0.8187 429.67 0.046t 0.2003 0.1779 0.2890 0.4170 0.3051 0.5681 0.2075
-0.4064 451.20 -0.6183 447.28 -0.8217 429.90 0.0481 0.2116 0.1798 0.2713 0.4192 0.3021 0.5703 0.2149
-0.4099 452.33 -0.6213 440.25 -0.8247 430.20 0.0500 0.1989 0.1818 0.2800 0.4215 0,3061 0.5726 0.2090
-0.4134 451.85 -0.6243 445.77 -0.8277 431.33 0.0519 0.2096 0.1837 0.2814 0.4237 0.3034 0.5748 0.2039
-0.4170 451.51 -0.6273 437.59 -0,8307 432.00 0.0539 0.2245 0.1856 0.2837 0.4259 0.2999 0.5770 0.2110
-0.4205 448.62 -0.6303 438.37 -0.8337 432.81 0.0558 0.2441 0.1876 0.2815 0.4281 0.2953 0.5792 0.2060
-0.4240 448.36 -0.6333 440.80 -0.8367 433,18 0.0577 0.2583 0.1895 0.2734 0.4304 0.2979 0.5815 0.2108
-0.4275 446.56 -0.6362 441.54 -0.8397 433.82 0.0597 0.2614 0.1915 0.2885 0.4326 0.2916 0.5837 0.2150
-0.4310 448.82 -0.6392 441,49 -0.8427 435.83 0.0616 0_2889 0.1934 0.2830 0.4348 0.2878 0.5859 0.2125
-0,4346 448.94 -0.6422 442.39 -0.8457 437.36 0.0636 0.3040 0.1953 0.2780 0.4370 0.2914 0.5881 0.2053
.0.4381 451.24 .0.6452 441.34 -0.8486 437.77 0.0655 0.3162 0.1973 0.2868 0.4392 0.2871 0,5903 0.2059
-0.4416 450.30 -0.6482 445.49 -0.8516 437.94 0.0674 0.2881 0.1992 0.2760 0.4415 0.2854 0.5926 0.2008
-0.4451 449.00 -0.6512 448.17 -0.8546 438.76 0.0694 0.3039 0.2011 0.2825 0,4437 0.2922 0.5948 0,2064
-0.4487 449.25 -0.6542 443.29 -0.8576 437.77 0.07T3 0.2891 0.2031 0.2820 0.4459 0,2825 0.5970 0.2061
-0.4522 447.10 -0,6572 443.42 -0.8606 439,07 0.0732 0.2827 0.2050 0.2799 0.4481 0.2770 0.5992 0.2013
-0.4557 447.57 -0.6602 444.23 -0.8636 441.86 0.0752 0.2721 0.2070 0.2898 0.4503 0.2757 0.6015 0.1994
-0.4592 445.43 -0.6632 443.60 -0.8666 443.16 0.0771 0_2923 0.2089 0.2929 0.4526 0.2704 0.6037 0.1928

-0.4628 443.37 -0.6662 441.16 -0.8696 444.08 0.0791 012921 0.2108 0.2758 0.4548 0.2768 0.6059 0.1858

-0,4663 440.30 -0.6692 445.23 -0.8726 445.52 0.0810 0.2811 0.2128 0.2871 0.4570 0.2717 0.6081 0,1970
-0.4687 443.96 -0.6721 445.08 -0.8756 447.95 0.0829 0.2704 0.2147 0.2885 0.4592 0.2672 0.6103 0,1939
-0.4717 437.06 -0.6751 439.85 .0.8786 449.24 0.0849 0.2746 0,2166 0.2877 0.4615 0.2730 0.6126 0.1908
-0.4747 433,62 -0.6781 438.34 -0.8816 450.59 0.0868 0.2828 0.2186 0.2927 0.4637 0.2763 0.6148 0.1968
-0.4777 438.52 -0.6811 439.96 -0.8845 453.64 0.0888 0.2677 0.2205 0.2950 0.4659 0.2685 0.6170 0.1960
-0.4807 439.85 -0.6841 440.81 -0.8875 460.62 0.0907 0,2497 0.2225 0.2937 0.4681 0.2631 0.6192 0.1873
-0.4837 440.76 -0.6871 439.50 -0.8905 465.80 0.0926 0.2487 0.2244 0.2963 0.4703 0.2608 0,6215 0.1978

191



Appendix 7.2 - Data for Spanwise Averaqed Nusselt Number and Film Cooling Effectiveness

0.6237 0.1972 0.7748 0.0933 0.9259 0.1000 -0.3041 0.2687 -0.5438 0.1451 -0.7469 0.0927 -0.9503 0.0796
0.6259 0.1914 0.7770 0.0865 0.9281 0.0943 -0.3077 0.2650 -0.5473 0.1437 -0.7499 0,0917 -0.9533 0.0866
0.6281 0.2053 0.7792 0.0790 0,9303 0.0971 -0.3112 0.2622 ..0.5508 0.1438 -0.7529 0.0825 -0.9563 0.0913
0.6303 0.1918 0.7814 0.0816 0.9325 0.0918 -0.3147 0.2553 -0.5543 0.1393 -0.7559 0.0820 -0.9593 0.0898
0.6326 0.1838 0.7837 0.0815 0.9348 0.1078 -0.3182 0.2525 -0.5579 0.1366 -0.7588 0.0841 -0.9623 0.0870
0.6348 0.1941 0.7859 0.0887 0.9370 0.1072 -0.3218 0.2517 -0.5584 0.1233 -0.7618 0.0867 -0.9653 0.0894
0.6370 0.1844 0.7881 0.0936 0.9392 0.1042 -0.3253 0.2499 -0.5614 0.1299 -0.7648 0.0882 -0.9683 0.0914
0.6392 0.1838 0.7903 0.0852 0.9414 0.1144 -0.3288 0.2471 -0.5644 0. t275 -0.7678 0.0905 -0.9712 0.0986
0.6415 0.1876 0.7926 0.0740 0.9437 0.1329 -0.3323 0.2449 -0.5674 0.1285 -0.7708 0.0928 -0,9742 0.0980
0.6437 0.1985 0.7948 0.0838 0.9459 0.1344 -0.3359 0.2425 -0.5704 0.1243 -0.7738 0.0899 -0.9772 0.0988
0.6459 0.1891 0.7970 0.0772 0.9481 0.1426 -0.3394 0.2427 -0.5734 0.1239 -0.7768 0.0907 -0.9802 0,0974
0.6481 0.1759 0.7992 0.0779 0.9503 0.1313 -0.3429 0.2381 -0,5764 0.1229 -0.7798 0.0878 -0.9832 0.0886
0.6,503 0.1773 0.8014 0.0964 0,9525 0.1353 -0.3464 0.2365 -0.5794 0.1213 -0.7828 0.0824 -0.9862 0.0870
0.6526 0.1814 0.8037 0.0742 0.9548 0.1404 -0.3,500 0.2350 -0.5823 0.1151 -0.7858 0.0820 -0.9892 0.0879
0.6548 0.1641 0.8059 0.0794 0.9570 0.1478 -0.3535 0.2296 -0.5853 0.1167 -0.7888 0.0824 -0.9922 0.0967
0.6570 0.1709 0.8081 0.0825 0.9592 0.1373 -0.3570 0.2266 -0.5883 0.1156 -0.7918 0.0800
0.6592 0.1594 0.8103 0.0741 -0.3605 0.2261 -0.5913 0.1180 -0.7947 0.0821
0,6615 0.1529 0.8126 0.0836 X/P1 tl -0.3640 0.2283 -0,5943 0.1210 -0.7977 0.0815 CASER-NI_
0.6637 0.1548 0.8148 0.0842 -0.0274 0.4229 -0.3676 0.2190 -0.5973 0.1163 -0.8007 0.0825

0,6659 0,1476 0.8170 0,0913 -0,0359 0.4198 -0.3711 0.2168 -0.6003 0,1082 -0.8037 0.0819 X/$L Nu
0.6681 0.1551 0.8192 0.0794 -0.0445 0,3864 -0.3746 0.2180 -0.6033 0.1143 -0.8067 0.0770 0.0300 2170.79
0.6703 0.1599 0.8214 0.0870 -0.05,..-30 0.3770 -0.3781 0.2189 -0.6063 0.1139 -0.8097 0.0819 0.0403 1102.93
0.6726 0.1562 0.8237 0.0872 -0.0616 0.3663 -0.3817 0.2104 -0.6093 0.1121 -0.8127 0.0822 0.0422 1011.24
0.6748 0.1785 0.8259 0.0850 -0.0701 0.3470 -0.3852 0.2117 -0.6123 0.1163 -0.8157 0.0855 0.0441 950.98
0.6770 0. t470 0.8281 0.0857 -0.0787 0.3354 -0.3887 0.2088 -0.6153 0.1110 -0.8187 0.0863 0.0461 909.13
0.6792 0.1537 0.8303 0.0759 -0.0872 0.3169 -0.3922 0.2030 -0.6182 0.1164 -0,8217 0.0844 0.0480 871.33
0.6814 0.1455 0.8326 0.0898 -0.0958 0,2949 -0.3958 0.2017 -0.6212 0.1149 -0.8247 0.0822 0.0499 852.32
0.6837 0.1485 0.8348 0.0971 -0.1044 0.2920 -0.3993 0.2021 -0.6242 0.1137 -0.8277 0.0816 0.0519 832.31
0.6859 0.1499 0,8370 0.0873 .-0.1129 0.2808 -0.4028 0.2028 -0.6272 0.1060 -0.8306 0.0821 0,0538 824.73
0.6881 0.1426 0,8392 0.0874 -0.1215 0.2739 -0.4063 0.2049 -0.6302 0.1098 -0.8336 0.0843 0.0558 782.21
0.6903 0.1568 0.8414 0.0793 -0.1300 0.2656 -0.4099 0.2074 -0.6332 0.1113 -0.8366 0.0862 0.0577 757.60
0.6926 0,1395 0.8437 0.0802 -0.1386 0.26,.50 -0.4134 0.2024 -0.6362 0.1111 -0.8396 0.0845 0.0596 742.09
0.6948 0.1298 0.8459 0.0820 -0.1471 0,2714 -0.4169 0,2034 -0.6392 0.1092 -0.8426 0.0847 0.0616 746.84
0.6970 0.1211 0.8481 0.0874 -0.1557 0.2658 -0.4204 0.1997 -0.6422 0.1089 -0.8456 0.0842 0.0635 743.31
0.6992 0.1339 0.8503 0.0903 -0.1642 0.2624 -0.4240 0.2021 -0.6452 0.1034 -0.8486 0.0833 0.0654 727.09
0,7014 0.1236 0.8526 0.0737 -0.1728 0.2514 -0.4275 0.1978 -0.6482 0.1117 -0.8516 0.0802 0.0674 713.49
0.7037 0.1177 0.8,548 0.0842 -0.1813 0.2594 -0,4310 0.1974 -0,6512 0.1085 -0,8546 0.0803 0.0693 709.75
0.7059 0.1026 0.8570 0.0820 -0.1899 0.2707 -0.4345 0.1928 -0.6541 0,1031 -0.8576 0.0763 0,0713 696.49
0.7081 0.1192 0.8592 0.1010 -0.1984 0.2724 -0.4380 0.1941 -0.6571 0.1051 -0.8606 0.0765 0.0732 679,88
0.7103 0.1094 0.8614 0.0830 -0.2020 0.2471 -0.4416 0.1907 -0.6601 0.1028 -0.8636 0.0787 0.0751 672,07
0.7126 0.1249 0.8637 0.0773 -0.2055 0.2564 -0.4451 0.1876 -0.6631 0.1042 -0.8665 0.0808 0.0771 674.98
0.7148 0.1172 0.8659 0.0780 -0.2090 0.2355 -0.4486 0.1878 -0.6661 0.0991 -0.8695 0.0828 0.0790 675.23
0.7170 0.1047 0.8681 0.0812 -0.2125 0.2411 -0.4521 0.1841 -0.6691 0.1041 -0.8725 0.0845 0,0810 669.81
0.7192 0.1055 0.8703 0,0889 -0.2161 0.2406 -0,4557 0.1843 -0.6721 0.1035 -0.8755 0.0864 0.0829 671.44

0.7214 0,1121 0.8726 0.0970 -0.2196 0.2340 -0.4592 0.1902 -0.6751 0.0968 -0.8785 0,0868 0,0848 661.05
0.7237 0,1306 0.8748 0.0948 -0.2231 0.2362 -0.4627 0,1889 -0,6781 0.0968 -0.8815 0.0867 0,0868 655.57
0,7259 0.1223 0.8770 0.0856 -0.2266 0.2339 -0,4662 0.1812 -0,6811 0.0988 -0.8845 0.0889 0.0887 643.83
0.7281 0.0994 0.8792 0.0918 -0.2302 0,2193 -0.4698 0.1839 -0.6841 0.1002 -0.8875 0.0954 0.0906 633,40
0.7303 0.1045 0.8814 0.0866 -0.2337 0.2247 -0.4733 0,1716 -0.6871 0,1001 -0.8905 0.0976 0.0926 627,77
0,7326 0.1119 0.8837 0.0836 -0.2372 0,2341 -0.4768 0.1722 -0,6900 0.0990 -0.8935 0.0956 0.0945 623.77
0.7348 0.1128 0.8859 0.0976 -0,2407 0.2290 -0.4803 0.1778 -0.6930 0,1026 -0.8965 0.0937 0.0965 611.33
0.7370 0.0941 0.8881 0.0898 -0.2442 0.2325 -0.4839 0,1724 -0.6960 0.0082 -0.8995 0,0930 0.0984 599,84
0.7392 0.1045 0.8903 0.0842 -0.2478 0,2337 -0.4874 0.1674 -0,6990 0.1057 -0.9024 0.0918 0,1003 594.68
0.7414 0.1010 0.8926 0.0809 -0.2513 0.2370 -0,4909 0.1753 -0.7020 0.1010 -0.9054 0.0926 0.1023 586.98
0,7437 0.0876 0.8948 0.0822 -0,2548 0.2433 -0.4944 0.1715 -0.7050 0.0994 -0,9084 0.0930 0.1042 584.62
0.7459 0.0880 0.8970 0,0747 -0.2583 0.2515 -0.4979 0.1660 -0.7080 0.1012 -0.9114 0.0940 0.1061 576.88
0.7481 0.1038 0.8992 0.0752 -0.2619 0.2601 -0.5015 0.1630 -0.7110 0.0985 -0.9144 0.0934 0.1081 567.68
0.7,503 0.0962 0.9014 0.0776 -0.2654 0.2632 -0.5050 0.1628 -0,7140 0.0948 -0.9174 0.0915 0.1100 567.32
0.7526 0.0894 0.9037 0.0762 -0.2689 0.2607 -0.5085 0.1715 -0.7170 0.0941 -0.9204 0.0928 0.1120 561.91
0.7548 0.0562 0.9059 0.0828 -0.2724 0.2621 -0.5120 0.1677 -0.7200 0.0971 -0.9234 0.0911 0.1139 553.59
0.7570 0.0936 0.9081 0.0819 -0,2760 0.2831 -0.5156 0.1675 -0.7230 0.1002 -0.9264 0.0921 0.1158 559.97
0.7592 0.0854 0.9103 0.0727 -0.2795 0.2915 -0.5191 0.1618 -0.7259 0.0926 -0.9294 0.0890 0.1178 563.11
0.7614 0.0902 0.9126 0.0742 -0.2830 0.3067 -0.5226 0.1538 -.0.7289 0.0901 -0.9324 0.0882 0.1197 556.77
0.7637 0.0962 0.9148 0,0872 -0.2865 0.2848 -0,5261 0.1460 -0.7319 0.0895 -0.9353 0.0836 0.1216 538.83
0.7659 0,0815 0.9170 0.0915 -0.2901 0.2822 -0,5297 0.1478 -0.7349 0.0862 -0.9383 0.0800 0.1236 546.90
0.7681 0.0895 0.9192 0.0951 -0.2936 0.2778 -0.5332 0.1401 -0.7379 0.0850 -0.9413 0.0774 0.1255 559.56
03703 010937 0.9214 0.0969 -0.2971 0.2741 -0.5,.367 0.1438 -0.7409 0.0876 -0,9443 0.0747 0.1275 559.70
0.7726 0.0904 0.9237 0.0930 -0.3006 0.2702 -0.5402 0.1459 -0.7439 0.0877 -0.9473 0.0821 0.1294 554.34
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.1313 548.25 0.2813 644.05 0.5147 871.86 0.6658 808.26 0.8169 708.41 -0.0189 985.49 -0.3641 447.85

0.1333 551.31 0.2845 641.82 0.5170 878.29 0.6681 812.10 0.8192 707.54 -0.0274 896.47 -0.3676 431.08
0.1352 559.87 0.2877 666.30 0.5192 883.73 0,6703 809.99 0.8214 705.41 -0.0360 761.29 -0.3711 452.81

0.1371 567.55 0.2909 782.62 0.5214 880.56 0.6725 811.43 0.8236 701.77 -0.0445 670.14 -0.3747 434.54
0.1391 572.90 0.2941 803.41 0.5236 888.30 0.6747 806.75 0.8258 703.08 -0.0531 624.98 -0.3782 449.22

0.1410 595.32 0.2973 677.71 0.5259 890,84 0.6770 799.32 0.8281 705.41 -0.0616 580.70 -0.3817 435.16
0.1430 650,65 0.3005 648.21 0.5281 896,91 0.6792 806.86 0.8303 704.31 -0.0702 558.35 -0,3852 437.41
0.1449 659.32 0.3037 626.15 0.5303 898.50 0.6814 796.12 0.8325 720.71 -0.0787 526.65 -0.3888 443.08
0.1468 614.00 0,3069 713.66 0.5325 910.14 0.6836 790.38 0.8347 705.65 -0,0873 526.20 -0.3923 426.81
0,1488 592.68 0.3836 712.85 0.5347 917.73 0.6858 790.31 0.8369 700.90 .0.0958 503.80 -0.3958 451,53
0,1507 610.75 0.3859 702.37 0.5370 918.35 0.6881 792,03 0.8392 704,99 .0.1044 499,48 -0.3993 439.40
0.1526 689,60 0,3881 702.54 0.5392 926.66 0.6903 786,90 0,8414 708.91 .0.1130 476.02 -0.4029 455.70
0,1546 741.15 0.3903 713.94 0.5414 928.93 0.6925 784,08 0,8436 707.08 -0.1215 480.69 -0.4064 445,55
0.1565 728.11 0.3925 712.69 0.5436 918,81 0.6947 788,63 0.8458 702.25 -0,1301 459,69 -0,4099 452.96
0.1585 701.36 0.3947 719.63 0,5459 922.47 0.6970 779.48 0.8481 705,35 -0,1386 461.45 -0,4134 453,90
0.1604 685.48 0.3970 715,34 0,5481 926.83 0.6992 782.60 0,8503 710,91 -0,1472 447,93 -0,4170 440,72
0.1623 680.92 0,3992 722,29 0,5503 930.48 0.7014 773,33 0,8525 719,56 -0.1557 434.28 -0.4205 463,48
0.1643 672,68 0.4014 727.58 0.5525 932.86 0,7036 777.81 0.8547 718.20 -0.1643 448.28 -0.4240 446,10
0.1662 676.10 0.4036 729.10 0,5547 942.22 0,7058 772,93 0,8569 718.95 -0.1728 434,89 -0.4275 465.97
0.1682 660.96 0.4059 731.46 0.5570 952.53 0.7081 768.27 0.8592 720.87 -0.1814 439.40 -0.4310 459.25
0.1701 657.51 0,4081 736,25 0,5592 940.30 0,7103 769,75 0.8614 722.05 -0.1899 431.01 -0.4346 461.80
0,1720 656.69 0.4103 733.81 0,5614 932.86 0,7125 765.20 0.8636 713.90 -0.1985 435,03 -0,4381 459,93
0.1740 6.54,77 0.4125 733.59 0.5636 929,46 0.7147 768,09 0.8658 722.24 -0.2020 424.01 -0,4416 453,74
0.1759 652.68 0.4147 734.19 0.5658 946.54 0,7170 764.58 0.8681 724,30 -0.2055 418.84 -0,4451 464.58
0.1778 657.89 0.4170 745.79 0,5681 940.82 0.7192 766.54 0.8703 722.96 -0.2091 407.03 -0.4487 453.69
0,1798 650.38 0.4192 743,14 0.5703 931.28 0.7214 765.38 0.8725 720.92 -0.2126 389.51 -0.4522 465.31
0.1817 649.38 0,4214 743.34 0.5725 930.37 0.7236 754.74 0.8747 724.22 -0.2161 413.68 -0.4557 453.04
0.1837 649.21 0,4236 750.07 0.5747 938,47 0.7258 750.27 0.8769 724.26 -0.2196 386.49 -0.4592 449,85
0.1856 664.70 0.4259 764.52 0.5770 944.06 0.7281 748.44 0.8792 736,07 -0.2232 393.52 -0.4628 451.16
0.1875 654.18 0.4281 753,91 0,5792 925.95 0.7303 745.21 0.8814 739,87 -0.2267 386.68 -0,4663 447.71
0.1895 645.47 0.4303 752,52 0,5814 918.99 0.7325 745,28 0,8836 743.03 -0.2302 394.03 -0,4698 443.90
0.1914 643.59 0.4325 755,05 0.5836 919,60 0.7347 743,63 0,8858 747.72 -0.2337 401.16 -0,4733 441.02
0.1933 640.69 0.4347 762.72 0.5858 928.70 0.7370 747.72 0.8881 748.90 -0.2372 395.64 -0.4769 468.03
0.1953 635.95 0.4370 766.38 0,5881 931,95 0,7392 739.62 0,8903 754.53 -0.2408 416.06 -0.4804 456,29
0.1972 630.99 0.4392 763,63 0.5903 909.76 0.7414 735,01 0,8925 761.20 -0.2443 407.73 -0.4839 463.83
0.1992 635.32 0.4414 766.00 0.5925 902.11 0.7436 731.65 0,8947 762,97 -0.2478 428.85 -0.4874 447.09
0.2011 638.22 0.4436 771,95 0,5947 902.28 0.7458 730.78 0.8969 766.68 -0.2513 427,65 -0,4910 445.26
0.2030 634.13 0.4459 786.89 0.5970 904.01 0,7481 730.22 0,8992 771.94 -0.2549 438.99 .0.4945 464.36
0.2050 632.30 0.4481 780,02 0.5992 896.23 0.7503 727.45 0,9014 774.10 .0.2584 451.53 -0.4980 451,21
0.2069 630.77 0.4503 773.96 0,6014 886,81 0.7525 727.07 0,9036 773.52 .0.2619 447,95 -0.5015 463.10
0.2088 630,87 0.4525 773.06 0,6036 886.44 0,7547 729.69 0.9058 776.07 -0.26.54 469.09 -0.5050 458.78
0.2108 623.67 0.4547 777.19 0.6058 895.56 0.7570 729.33 0,9081 789.81 -0.2690 462.62 -0.5086 464.07
0.2127 623,47 0.4570 781.68 0,6081 896.16 0.7592 722.36 0.9103 789.03 -0.2725 484.48 -0.5121 458.22
0.2147 619.95 0.4592 783.16 0,6103 884.47 0.7614 716.85 0.9125 795,71 -0.2760 475.56 -0.5156 456.92
0,2166 620.17 0.4614 791.28 0.6125 884.10 0,7636 719.30 0,9147 801.42 -0,2795 481.09 -0.5191 460.83
0.2185 618,51 0,4636 795.20 0.6147 881,99 0.7658 726,54 0,9169 803.45 -0.2831 474.47 -0.5196 460.87
0.2205 612,32 0,4659 797.27 0.6170 875,38 0.7681 725.30 0.9192 B08.53 -0.2866 467.80 -0.5226 450.70
0.2224 607.60 0,4681 795.98 0.6192 863.21 0.7703 715.42 0,9214 816.25 -0.2901 473.69 -0.5256 469.88
0.2243 607,60 0.4703 800.24 0.6214 872.29 0.7725 710.63 0.9236 820,58 -0.2936 453.01 -0.5286 449.85
0.2263 611,99 0,4725 809.75 0.6236 873,00 0.7747 714.13 0,9258 830.47 -0.2971 480.94 -0,5315 448.75
0.2282 601.86 0,4747 812.20 0.6258 862.43 0.7770 720,4:2 0.9281 841.12 -0.3007 475.45 -0.5345 460.79
0.2302 595.86 0.4770 813.96 0.6281 855,66 0.7792 709,21 0.9303 851.41 -0.3042 474.63 -0.5375 447,17
0.2302 591.77 0.4792 817,67 0,6303 852.01 0.7814 713,01 0.9325 866.01 -0.3077 457,82 -0,5405 444.46
0.23.34 58,8.33 0.4814 822.08 0.6325 853.93 0,7836 719,83 0.9347 871,86 -O.3112 451.05 -0.5435 464.08
0.2366 589.00 0.4836 819.43 0.6347 851.78 0.7858 716.66 0,9369 877.42 -0,3148 463.92 -0.5465 458.72
0.2398 586.94 0.4859 827.47 0,6370 855.87 0,7881 706,81 0.9392 879,44 -0.3183 443,17 -0.5495 450.91
0.2430 586,48 0,4881 830.89 0.6392 842.28 0.7903 705.49 0,9414 880.39 -0,3218 454.93 -0.5525 450.58
0.2461 592.87 0.4903 834.77 0.6414 845.02 0.7925 709.70 0.9436 896.47 -0.3253 442,30 -0.5555 458.73
0,2493 597,63 0,4925 841,53 0.6436 846,60 0,7947 709.06 0,9458 916.96 -0.3289 453.64 -0.5585 453.29
0.2525 600.28 0,4947 845.30 0.6458 834,17 0,7969 706,39 0,9481 936.54 -0.3324 447.28 -0.5615 451.99
0,2557 604.28 0.4970 841,94 0,6481 830.67 0.7992 702.45 0.9503 939,73 -0.3359 440.88 -0.5645 453.92
0.2589 608.61 0.4992 842.70 0.6503 841.21 0,8014 701.17 0.9525 964.32 -0.3394 453.77 -0.5674 454.49
0.2621 608.57 0.5014 852.55 0.6525 830.46 0,8036 709.38 0.9547 1059.71 -0.3430 437.62 .0.5704 468.91
0.2653 608,18 0.5036 852.88 0.6547 825.70 0.8058 703.77 0.9569 1138,48 -0.3465 459,22 -0.5734 482,99
0,2685 610.51 0.5059 859.49 0.6570 828,14 0.8081 698.97 0,9592 1140.88 -0.3500 440,66 -0.5764 479.16
0.2717 617.05 0.5081 862.20 0.6592 828,50 0.8103 703.74 -0,3535 450.49 -0.5794 469,26
0.2749 625.08 0.5103 863.76 0,6514 820.01 0,8125 706.31 X/PI. Nu -0.3571 438.83 -0,5824 469.55
0.2781 638.62 0.5125 864.54 0.6636 821.45 0,8147 704.91 -0.0103 1109,25 -0.3606 449.27 -0.5854 475.61
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.5884 480.65 -0.7918 416.52 0.1624 0.2332 0.3992 0,2389 0.5503 0.1717 0.7014 0.1439
-0.5914 476.82 -0.7948 430.12 CASE R-T1 0.1643 0,2318 0,4015 0.2408 0.5526 0.1662 0.7037 0.1382
-0.5944 467.75 -0.7978 425,75 0.1663 0,2387 0.4037 0.2451 0.5548 0.1695 0.7059 0.1392
-0.5974 465.11 -0,8008 428.11 X/SL 11 0.1682 0.2434 0,4059 0.2421 0.5570 0.1681 0.7081 0.1340
-0,6003 487,79 -0.8038 425.88 0.0384 0.3013 0.1701 0.2503 0,4081 0.2376 0.5592 0.1732 0.7103 0.1347
-0,6033 481.50 -0.8068 428.48 0.0403 0.3037 0.1721 0.2553 0,4104 0.2401 0.5615 0.1659 0.7126 0,1267
-0.6063 475,86 -0,8098 422,23 0.0422 0.2228 0,1740 0.2623 0.4126 0.2338 0,5637 0.1643 0.7148 0.1337
-0.6093 463.79 -0.8127 428.09 0.0442 0,2040 0.1760 0.2483 0.4148 0.2311 0.5659 0.1641 0.7170 0.1370
-0.6123 460.96 -0.8157 424.79 0.0461 0.2155 0.1779 0,2498 0,4170 0.2301 0,5681 0.1712 0.7192 0.1330
-0.6153 465.85 -0.8187 429.21 0.0481 0.2216 0,1798 0,2592 0.4192 0.2322 0.5703 0.1644 0.7214 0.1331
-0.6183 462.02 -0,8217 433.81 0,0500 0.1851 0.1818 0.2664 0.4215 0.2239 0,5726 0.1663 0.7237 0,1365
-0,6213 470.89 -0.8247 428,84 0,0519 0.1733 0.1837 0.2669 0.4237 0.2230 0,5748 0.1642 0.7259 0.1282
-0.6243 476,33 -0.8277 432.36 0.0539 0.1590 0.1856 0.2612 0.4259 0.2290 0.5770 0.1735 0.7281 0.1301
-0.6273 482.08 -0.8307 427.56 0.0558 0.1610 0.1876 0.2565 0,4281 0,2278 0,5792 0.1680 0.7303 0.1226
-0.6303 477,66 -0.8337 426,84 0.0577 0.1542 0.1895 0.2703 0.4304 0,2199 0,5815 0.1588 0.7,326 0. i233
-0,6333 464.68 -0.8367 429.33 0.0597 0.1488 0.1915 0.2713 0.4326 0.2190 0.5837 0.1660 0,7348 0,1300
-0.6362 478.70 -0.8397 435.90 0.0616 0.1418 0,1934 0.2686 0.4348 0,2188 0.5859 0.1636 0.7370 0.1297
-0.6392 466.15 -0.8427 433.98 0.0636 0.1451 0.1953 0,2697 0.4370 0,2199 0.5881 0.1675 0.7392 0,1266
-0,6422 453,48 -0,8457 439.33 0.0655 0.1353 0,1973 0.2717 0.4392 0.2181 0.5903 0.1704 0.7414 0.1271
-0.6452 454.77 -0.8486 447.38 0.0674 0.1317 0.1992 0.2676 0.4415 0.2198 0,5926 0.1658 0.7437 0.1201
-0.6482 470.05 -0.8516 451.90 0.0694 0.1i3i 0,2011 0.2780 0.4437 0,2190 0.5948 0.1713 0,7459 0.1203

-0.6512 473,82 -0.8546 432.97 0.0713 0,1219 0.2031 0.2806 0.4459 0.2164 0.5970 0.1579 0,7481 0.1234
-0.6542 494.60 -0.8576 434.08 0.0732 0.1263 0.20_ 0.2797 0.4481 0.2200 0.5992 0.1564 0,7,503 0,1259
-0.6572 468.62 -0,8606 444.80 0.0752 0.1379 0.2070 0.2753 0.4503 0.2178 0.6015 0.1624 0,7526 0,1155
-0.6602 493.79 -0.8636 462.85 0.0771 0.1263 0.2089 0.2830 0.4526 0.2133 0.6037 0.i622 0,7548 0,1179

-0.6632 472.99 -0.8666 455,09 0.0791 0.1399 0,2108 0.2750 0.4548 0,2083 0.6059 0.1543 0.7570 0,1233
-0.6662 468.58 -0,8696 450.02 0.0810 0.1374 0.2128 0.2742 0.4570 0.2053 0.6081 0.1566 0.7592 0.1142
-0.6692 465.17 -0.8726 448,66 0.0829 0.1301 0.2147 0.2782 0.4592 0,2025 0.6103 0.1592 0.7614 0.1190
-0,6721 472.43 -0,8756 442.32 0.0849 0.1367 0,2166 0.2812 0.4615 0,1992 0.6126 0.1595 0.7637 0.1126
-0.675i 471,43 -0.8786 442.48 0,0868 0.1409 0.2186 0.2812 0.4637 0,2018 0,6148 0.1592 0.7659 0.1145
-0.6781 464,98 -0.8816 453.03 0.0888 0.1376 0.2205 0.2896 0.4659 0,1956 0.6170 0.1575 0.7681 0.1270
-0.6811 447.38 -0.8845 446.46 0.0907 0,1444 0.2225 0,2904 0.4681 0,2008 0.6192 0.1567 0.7703 0.1217
-0.6841 444.59 -0,8875 445.50 0.5926 0,1414 0.2244 0.2855 0.4703 0.2012 0.6215 0.1536 0,7726 0,1165
-0.687i 449.56 -0.8905 454.43 0.0946 0,1501 0.2263 0.2882 0.4726 0.2020 0.6237 0.1591 0.7748 0,1105
-0.6901 460.58 -0.8935 461.93 0.0965 0.1468 0.2283 0.2871 0.4748 0,2021 0.6259 0,1546 0.7770 0.1074
-0.6931 456.40 -018965 461.59 0.0984 0.1352 0.2302 0.2845 0.4770 0,2009 0.6281 0,1565 0.7792 0.1097
-0.6961 458,57 -0.8995 461.55 0.1004 0.1457 0,2302 0.2813 0,4792 0.1993 0.6303 0.1559 0.7814 0.1065
-0.6991 454,27 -0,9025 459.47 0.1023 0.1445 0.2334 0.2825 0.4815 0.2027 0.6326 0,1541 0.7837 0.1156
-0.7021 462.89 -0.9055 461,96 0.1043 0,1392 0.2366 0.2768 0.4837 0.2046 0.6348 0.1501 0.7859 0.1142
-0.7051 474.07 -0.9085 463.59 0.1062 0.1382 0.2398 0.2809 0.4859 0.1959 0.6370 0.1574 0.7881 0,1146
-0.7080 464.85 -0.9115 465.59 0.1081 0.1529 0.2430 0.2773 0.4881 0.2001 0.6392 0.1576 0.7903 0,1142
-0.7110 447.11 -0.9145 465.20 0.1101 0.1439 0.2462 0.2783 0.4903 0.2007 0.6415 0.1498 0.7926 0.1141
-0.7140 467.70 -0.9174 469.46 0.1120 0.1467 0.2494 0.2809 0.4926 0.1998 0.6437 0.1606 0.7948 0.1068
-0.7170 464.82 -0.9204 478.54 0.1139 0.1493 0.2526 0.2834 0.4948 0.1967 0.6459 0.1591 0.7970 0.1059
-0.7200 452.16 -0.9234 486.41 0.1159 0.1539 0.2558 0,2815 0.4970 0.2039 0,6481 0.1515 0.7992 0.1026
-0,7230 439.08 -0.9264 485.52 0.1178 0.1417 0,2590 0.2821 0.4992 0.1917 0.6503 0,1528 0.8014 0.1035
-0.7260 438.95 -0.9294 490,51 0.1198 0.1399 0.2622 0.2891 0.5015 0.1873 0.6526 0.1584 0,8037 0.0977
-0.7290 432.68 -0,9324 495.60 0.1217 0.1557 0.2654 0.2935 0.5037 0.1946 0.6548 0.1557 0.8059 0.1072
-03320 439.65 -0.9354 498.74 0.1236 0,1613 0.2686 0.3011 0.5059 0.1914 0.6570 0.1511 0.8081 0.1064
-0.7350 447.68 -0.9384 504.34 0.1256 0,1651 0.2718 0.3129 0.5081 0.1911 0.6592 0.1629 0.8103 0.1009
-0.7380 447.86 -0.9414 508.58 0.1275 0.1602 0.2750 0.3330 0.5103 0.1910 0.6615 0.1552 0.8126 0.1123
-0.7409 438.74 -0.9444 511.56 0.1294 0.1589 0.2782 0.3553 0.5126 0.1902 0.6637 0.1492 0.8148 0.1044
-0.7439 438.04 -0.9474 515.01 0.1314 0.1638 0.2814 0.3688 0.5148 0.1870 0.6659 0.1582 0.8170 0.0973
-0.7469 433.44 -0.9504 520.08 0.1333 0.1745 0.2846 0.3702 0.5170 0.1916 0.6681 0.1483 0.8192 0.1055
-0.7499 434.80 -0.9533 526.19 0.1353 0.1825 0.2878 0.3611 0.5192 0.1854 0,6703 0,1514 0.8214 0.1027
-0,7529 437.12 -0.9563 534,11 0,1372 0.1826 0.2910 0.3536 0.5215 0.1844 0.6726 0.1410 0.8237 0.0967
-0,7559 436.79 -0.9593 538,71 0.1391 0.2297 0.2942 0.3325 0.5237 0,1831 0.6748 0,1495 0.8259 0.0929
-0,7589 440.26 .0.9623 541,49 0.1411 0.2733 0.2974 0.3356 0,5259 0,1946 0.6770 0.1512 0,8281 0.0987
-0.7619 441.87 -0.9653 546.55 0,1430 0,2515 0.3006 0.3402 0.5281 0,1854 0,6792 0,1412 0,8303 0.0880
-0.7649 441,23 -0.9683 549.73 0,1449 0,2108 0,3038 0.3630 0.5303 0.1768 0.6814 0.1498 0.8326 0.0909
-0,7679 439,63 -0,9713 556,65 0.1469 0.2012 0,3069 0.3420 0.5326 0,1704 0.6837 0.1446 0,8348 0.1053
-0.7709 427.58 -0.9743 567.58 0.1488 0.2120 0.3837 0.2573 0.5348 0,1823 0.6859 0,1375 0.8370 0.0921
-0.7739 425,28 -0.9773 578.41 0.1508 0,2176 0.3859 0,2569 0.5370 0.1823 0.6881 0.1418 0.8392 0.0919
-0.7768 428.94 -0.9803 607.98 0.1527 0.2061 0.3881 0.2566 0.5392 0.1761 0.6903 0.1456 0,8414 0.0947
-0.7798 420,54 -0.9833 649,34 0.1546 0.1986 0.3904 0.2501 0,5415 0.1809 0.6926 0.1356 0,8437 0.0955
-0.7828 425.21 -0.9863 683.90 0.1566 0,2092 0.3926 0,2521 0.5437 0.1783 0.6948 0.1402 0,8459 0.0860
-0.7858 423.80 -0.9892 709.77 0.1585 0.2099 0.3948 0.2446 0,5459 0,1648 0.6970 0.1486 0,8481 0.0853
-0.7888 421.82 0.1605 0.2128 0,3970 0.2499 0.5481 0.1714 0.6992 0.1382 0.8503 0.0876
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.8526 0.0889 -0.1557 0.2012 -0.4204 0,1222 -0.6362 0.0857 -.0,8396 0,0591 0,0596 857.51 0,1914 704.83
0.8548 0.0909 -0,1642 0.1903 -0,4240 0.1199 -0.6392 0.0890 -0.8426 0,0727 0.0616 844.88 0.1933 702.62
0.8570 0.0950 -0.1728 0.2022 -0.4275 0,1141 -0.6422 0.0848 .0.8456 0.0697 0.0635 809.46 0.1953 708.54
0.8592 0.0972 .0,1813 0.2138 .0,4310 0.1281 -0.6452 0.0780 -0.8486 0.0664 0.0654 812.51 0.1972 708.68
0.8614 0.0890 -0.1899 0.2022 -0.4345 0.1179 -0.6482 0.0801 -0.8516 0.0660 0.0674 806,22 0.1992 707,47
0.8637 0.0917 -0.1984 0.2137 -0.4380 0.1102 -0.6512 0.0980 .-0.8546 0.0745 0.0693 799,09 0.2011 701,14
0.8659 0,0863 -0.2020 0,2324 -0.44t6 0.1t30 -0.6541 0.0988 -0.8576 0.0599 0.0713 777,77 0.2030 695.29
0.8681 0.0936 -0.2055 0.2452 -0.4451 0,1200 -0.6571 0,1081 -0,8606 0,05.57 0.0732 766,84 0.2050 693.31
0.8703 0,0899 -0.2090 0.2699 -0,4486 0,1180 -0.6601 0.0854 -0.8636 0.0637 0,0751 758.47 0.2069 686,96
0.8726 0.0838 -0.2125 0.2478 -0.4500 0.1200 -0,6631 0.1031 -0,8665 0.0793 0.0771 747,78 0.2088 684.80
0.8748 0.0870 -0.2161 0.2413 -0,4627 0.1268 -0.6661 0.0941 -.0.8695 0,0730 0.0790 740,94 0.2108 684.11
0.8770 0.0856 -0,2196 0,2464 -0,4657 0,1470 -0,6691 0.1003 -0.8725 0.0665 0.0810 738.78 0.2127 688,71
0,8792 0.0785 .0.2231 0.2450 .0,4687 0.1153 -0.6721 0.0857 -0.87..55 0.0642 0.0829 731.23 0.2147 680.11
0,8814 0.0883 -0.2266 0.2424 -.0,4717 0.1294 -.0,6751 0,0972 -0.8785 0,0537 0.0848 714,90 0.2166 676,69
0.8837 0.0893 -0,2302 0.2105 -0.4747 0.1293 -0.6781 0,0968 -0.8815 0.0494 0.0868 704,43 0,2185 667.84
0.8859 0.0823 -0.2337 0.2252 -0,4776 0.1424 .0.6811 0.0891 -0.8845 0.0464 0,0887 697.37 0,2205 663.82
0,8881 0.0895 -0.2372 0.1991 .0.4806 0,1299 -0.6841 0.0792 .-0.8875 0.0489 0.0906 683.32 0.2224 664.68
0.8903 0.0875 -0.2407 0,2015 -0.4836 0,1264 .-0.6871 0.0789 -0.8905 0.0424 0.0926 674.34 0.2243 662.48
0,8926 0.0818 -0.2442 0.1967 -0.4866 0.1285 -0.6900 0.0873 -0,8935 0,0486 0.0945 657.73 0.2263 651.59
0.8948 0.0861 -0,2478 0.1928 --0.4896 0,1422 -0.6930 0.0849 -0.8965 0.0549 0.0965 653.54 0.2282 645.18
0.8970 0.0815 -0.2513 0.1995 -0.4926 0.1323 -0.6960 0.0798 -0.8995 0.0506 0.0984 647.27 0.2302 644.04
0.8992 0.0823 -0.2548 0.1919 -0.4956 0,1069 -0.6990 0.0772 -0.9024 0.0448 0.1003 647,13 0.2302 642.24
0.9014 0.0807 -0.2583 0.2085 -0.4986 0.1034 -0.7020 0.0793 -0.9054 0.0413 0.1023 633.10 0.2334 642,39
0.9037 0.0866 -0.2619 0,1947 -0.5016 0.1187 -0.7050 0.0893 -0.9084 0.0441 0,1042 625.53 0.2366 644,54
0.9059 0.0817 -0.2654 0.2035 -0.5046 0.0998 -0.7080 0,0961 -0.9114 0.0411 0.1061 618.73 0.2398 644.49
0.9081 0.0711 -0.2689 0.2009 -0.5076 0.1136 -0.7110 0.0932 -0.9144 0.0403 0.1081 614,91 0,2430 650.08
0.9103 0.0811 -0.2724 0,2070 -0.5106 0.1035 -0,7140 0.0810 -0,9174 0.0358 0.1100 611.46 0.246t 653.62
0.9126 0,0670 -0.2760 0.2101 .0.513.5 0.1090 -0.7170 0,1066 -0.9204 0.0365 0.1120 615.89 0.2493 655.91
0.9148 0,0768 -0.2795 0.2222 -0.5165 0.1136 -0.7200 0,1033 -0.9234 0.0485 0.1139 618.39 0,2525 659.99
0,9170 0.0734 -0.2830 0.2370 -0.5195 0.1189 -0,7230 0.0866 -0,9264 0.0533 0,1158 603.39 0.2557 659.28
0.9192 0,0698 -0.2865 0.2592 -0.5225 0.1354 -0.7259 0,0752 -0.9294 0,0491 0.1178 594.49 0,2589 661.67
0.9214 0,0634 -0.2901 0.2908 -0.5255 0.1156 -0.7289 0.0870 -0.9324 0,0432 0,1197 600.83 0.2621 666.94
0.9237 0.0623 -0.2936 0.2944 -0.5285 0.1328 -0.7319 0.0805 -0.9353 0.0439 0.1216 609.22 0.2653 672.26
0.9259 0.0618 .-0.2971 0.2841 --0.5315 0.1031 -0.7349 0.0754 -0,9383 0.0427 0.1236 610.49 0.2685 686.38
0.9281 0.0609 -0.3006 0.2754 -0.5345 0,1034 -0.7379 0.0879 -0.9413 0.0396 0.1255 602.58 0.2717 698.96
0.9303 0.0625 -0.3041 0,2750 -0,5375 0.1235 -0.7409 0.0820 -0.9443 0.0349 0.1275 600.23 0,2749 701.77
0.9325 0.0593 -0.3077 0,2760 -0.5405 0.1078 -0.7439 0.0769 -.0.9473 0.0312 0.1294 607.20 0.2781 724.50
0,9348 0.0580 -0.3112 0.2623 -0.5435 0.1088 -0.7469 0.0792 -0.9503 0.0333 0.1313 616,31 0.2813 788.t4
0,9370 0.0562 -0.3147 0.2600 -0.5465 0.1196 -0.7499 0.0785 -0.9533 0.0395 0.1333 628.68 0.2845 904,14
0.9392 0.0594 -0.3182 0.2476 -0.5494 0,1134 -0.7529 0.0864 -0.9563 0.0399 0.1352 642.40 0.2877 912.65
0.9414 0,0526 -0.3218 0,2447 -0.5524 0,1034 -0.7559 0,0831 -0.9593 0.0436 0,1371 674.63 0.2909 879.80
0.9437 0.0430 -0.3253 0.2366 -0.5554 0.1054 -0.7588 0.0868 -0.9623 0.0440 0,1391 742,51 0.2941 889,45
0.9459 0,0420 -0.3288 0.2356 -0.5584 0.1040 -0.76"18 0.0849 -0.9653 0.0421 0,1410 750,71 0.2973 869.71
0.9481 0.0514 -0.3323 0.2187 -0.5614 0,0939 -0.7648 0.0958 -0,9683 0.0369 0.1430 680.10 0.3005 872.34
0.9503 0.0624 -0.3359 0,2197 -0.5644 0.0998 -0.7678 0,0942 -0,9712 0.0301 0.1449 665,00 0,3037 859.24
0.9525 0.0489 -0.3394 0.2180 -0.5674 0.0935 -0.7708 0.0890 -0.9742 0.0284 0,1468 703.99 0.3069 619.51
0.9548 0.0528 -0.3429 0.2032 -0.5704 0.1056 -0.7738 0.0799 -0.9772 0.0313 0,1488 769.19 0.3836 676.88
0.9570 0.0550 .0,3464 0.2012 -0.5734 0.1140 -0.7768 0.0853 -0,9802 0.0261 0.1507 813.59 0.3859 672.07
0.9592 0.0600 -0.3500 0,1848 -0.5764 0,1190 -0.7798 - 0.0801 -0.9832 0.0353 0.1526 777.46 0.3881 672.44

-0.3535 0.1866 -0.5794 0.1142 -0.7828 0.0736 -0.9862 0.0364 0.1546 742.18 0.3903 672.07

X/PL 11 -0,3570 0,1781 -0,5823 0,1013.0.7858 0.0797 -0.9892 0.0251 0.1565 730,47 0.3925 675,96
-0.0103 0.4812 -0.3605 0,1547 -0.5853 0.1177 -0.7888 0.0753 -0.9922 0,0217 0.1585 734.15 0,3947 679,01
-0.0188 0.5000 -0.3640 0,1738 -0.5883 0.1245 -0,79i8 0,0790 0,1604 736.98 0.3970 679.90
-0.0274 0,4821 -0.3676 0.1580 -0.5913 0.1260 -0,7947 0.0720 0.1623 736.90 0,3992 684,70
-0.0359 0.4487 -0.3711 0.1587 -0.5943 0.1211 -0,7977 0.0789 _ 0.1643 728.81 0.4014 686.82
-0.0445 0,4292 -0.3746 0.1511 .0.5973 0,1128 -0.8007 0.0731 0.1662 721.18 0.4036 688.52
-0.0530 0,4112 -0.3781 0,1525 -0.6003 0.1115 _.80.__7 0,0761 X/$L Nu 0.1682 732.46 0.4059 689.94
-0.0616 0,3994 -0.3817 0,1528 -0.6033 0.1324 -0.8067 0.0796 0,0383 1177,41 0.1701 733,59 0.4081 693.68
-0.0701 0.3691 -0.3852 0,1271 -0.6063 0.1075 __.8097 0.0724 0,0403 967.13 0,1720 732.79 0.4103 694.97
.0.0787 0.3719 -0.3887 0.1346 -0.6093 0.1048 -0.8122 0.0674 0.0422 868.98 0.1740 733.83 0.4125 696.89
-0.0872 0.3133 .0.3922 0.1312 -0.6123 0,0870 -0.8157 0.0639 0.0441 864.85 0,1759 731.23 0,4147 697.07
.0.0958 0.3002 -0.3958 0,1281 -0.6153 0.0862 -0.8187 0.0615 0.0461 877.79 0.1778 734.74 0.4170 698.94
-0.1044 0.2637 -0.3993 0.1282 -0.6182 0,1005 -0.82i7 :0.0637 0.0480 1012.93 0.1798 726.28 0.4192 704.01
-0.1129 0.2583 .0.4028 0.1237 -0.6212 0.0940 -0,8247 0.0735 0.0499 989.31 0,1817 728.39 0.4214 706.16
-0.1215 0,2294 -0,4063 0.1360 -0.6242 0.0904 -0,8277 0,0776 0.0519 941.13 0.1837 730,78 0.4236 710.57
.0.1300 0.2238 -0.4099 0.1239 -0,6272 0,0966 -0,8306 0.0780 0.0538 892.87 0,1856 744.14 0.4259 715.26
.0.1386 0.2018 -0.4134 0.1381 -0,6302 0,1118 -0.8336- 0.0724 0.0558 877,70 0,1875 721.03 0.4281 720.19
-0.1471 0,2162 -0,4169 0.1233 -0.6332 0,0904 -0.8366 0.0606 0.0577 860,06 0.1895 713,51 0.4303 722.79
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.4325 721.21 0.5836 916.96 0.7347 709.12 0.8858 756.69 -0.2337 422.37 -0.4733 471.01 -0.6841 489.25
0.4347 725.20 0.5858 917.76 0.7370 709,76 0.8881 759,51 -0.2372 434.62 -0,4769 451.99 -0.6871 474.81
0.4370 734.69 0.5881 920.85 0.7392 709.22 0.8903 762.29 -0.2408 424.39 -0.4804 472.48 -0.6901 478.25
0.4392 734.50 0,5903 912.32 0.7414 710.02 0.8925 770.79 -0.2443 440.55 -0.4839 455.44 -0.6931 471.31
0.4414 737.75 0.5925 904.25 0.7436 706.79 0.8947 779.23 -0.2478 431.60 .-0.4874 459.30 -0.6961 473.41
0.4436 737,00 0.5947 896.66 0.7458 704.22 0.8969 781.49 -0.2513 446.06 -0.4910 456.40 -0.6991 461.31
0.4459 743.61 0.5970 894.16 0.7481 703.07 0.8992 786.90 -0.2549 444.51 -0.4945 450.96 -0.7021 467.86
0.4481 747.68 0.5992 897.27 0.7503 698.41 0.9014 789.09 -0.2584 451.85 -0.4980 469.55 -0.7051 473.45
0,4503 754.63 0.6014 897.35 0.7525 696.63 0.9036 787.86 -0.2619 462.87 -0.5015 457.74 -0,7080 483.39
0,4525 75.5.35 0.6036 887,47 0.7547 692.81 0.9058 798.40 -0.2654 460.31 -0.5050 462.07 -0.7110 477.78
0,4547 754.49 0.6058 881.12 0.7570 695.26 0.9081 805,09 -0.2690 479,31 -0.5086 453.00 -O.7140 457.65
0,4570 763.89 0,6081 884.15 0,7592 697.35 0.9103 812.23 -0.2725 474,98 -0,5121 454.75 -0.7170 453,64
0.4592 778.65 0,6103 885.38 0.7614 703.02 0.9125 819.24 -0.2760 492.07 -0.5156 455.24 -0.7200 464.62
0.4614 776,78 0,6125 881.62 0.7636 686,28 0.9147 823,73 -0.2795 491.62 -0,5191 451,86 -0.7230 474.29
0.4636 780,66 0.6147 874.96 0.7658 692.57 0.9169 828.08 -O.2831 490.89 -0.5227 462,88 .0.7260 462,45
0.4659 786,30 0.6170 869.96 0,7681 692.25 0.9192 835,24 -0.2866 495.34 -0.5256 456.20 -0.7290 460.13
0.4681 790,93 0.6192 876.04 0.7703 695,27 0.9214 843.82 -0.2901 477.16 -0.5286 463.86 -0,7320 442.50
0,4703 794,46 0.6214 860.44 0.7725 683,58 0.9236 848,4i-0.2936 487,53 -0.5315 451.66 -0.7350 442.27
0.4725 799,20 0.6236 856.67 0,7747 689.33 0.9258 860,96 -0.2971 485.17 -0.&._5 441.i9 .0.7380 454,20
0,4747 801.69 0.6258 856.97 0,7770 686.40 0.9281 870.35 -0,3007 527.06 -0.5375 437.91 -0.7409 458,18
0.4770 810.55 0.6281 859,47 0,7792 688.23 0.9303 877,82 -0.3042 521.34 -0.5405 446.20 -0.7439 455,04
0.4792 802.68 0.6303 853,77 0.7814 687.17 0.9325 891.72 -0.3077 516.16 -0.5435 457,44 -0.7469 445.53
0.4814 809.12 0.6325 838,27 0.7836 693.32 0.9347 907.30 -0,3112 508.50 -0.5465 456.84 -0.7499 449.64
0.4836 814,27 0.6347 842,35 0.7858 693,52 0.9369 923.37 -0.3148 497.27 .0.5495 465.59 -0.7529 454.34
0.4859 819.05 0,6370 840,77 0.7881 687.39 0.9392 926.57 -0.3i83 514,05 -0.5525 463.94 -0.7559 453.72
0.4881 823.18 0.6392 838,73 0.7903 686.91 0.9414 930.09 -O.3218 487,13 .0.5555 457.93 -0.7589 448.51
0.4903 826,16 0.6414 825.19 0,7925 682.25 0.9436 939.98 -0.3253 504,35 ..0.5585 460.08 -0.7619 451.51
0.4925 830.70 0.6436 821.68 0,7947 675.66 0.94_ 954. i0 -0.3289 492.63 -0.5615 458.74 -0.7649 452,63
0.4947 841,75 0.6458 830.55 0.7969 679.88 0.9481 974.36 -0,3324 496.56 -0.5645 490,06 -0.7679 454.75
0.4970 843.02 0.6481 824.24 0.7992 681.75 0.9503 984.51 -0.3359 495,63 -0.5674 452.72 -0.7709 453.60
0.4992 846.95 0.6503 815.94 0.8014 675.18 0.9525 1005.72 -0.3394 477.18 -0.5704 448.91 .0.7739 444.88
0,5014 845.37 0.6525 811.12 0.8036 678.79 0.9547 1021.38 .0.3430 495.66 -0.5734 460.87 -0.7768 442.92
0,5036 854.35 0,6547 808.01 0,8058 682.13 0,9569 1083.10 .0.3465 468,56 .0.5764 466.82 -0.7798 450.60
0,5059 861,32 0.6570 806.08 0.8081 681,41 0.9592 1195.88 .0,3.500 495.26 -0.5794 465.88 -0.7828 448.08
0,5081 860,08 0,6592 807.61 0,8103 682.37 .0.3535 469.79 -0.5824 475.14 -0.7858 442.09
0.5103 864,14 0.6614 796.41 0.8125 690.00 X/PL Nu -0.3571 480,36 -0.5854 472.62 -0.7888 444.13
0.5125 867.27 0.6636 796.19 0.8147 688.67 -0,0103 1011.45 -0,3606 482,72 -0.5884 464,92 .0,7918 439.57
0.5147 872.82 0.6658 793.87 0.8169 687,18 -0.0189 961.54 -0.3641 473.16 -0.5914 463.28 -0.7948 442.18
0.5170 873.29 0.6681 789.01 0.8192 689,47 -0.0274 855.54 -0.3676 475.04 -0,5944 464.136 .0.7978 446.03
0,5192 881.09 0,6703 787.16 0.8214 692.49 -0.0360 770.57 -0.3711 460.20 -0.5974 477.72 .0.8008 435.46
0.5214 884,12 0.6725 780,91 0.8236 694,50 -0,0445 675.83 -0.3747 479,44 .0.6003 473.96 -0.8038 437,45
0.5236 886,14 0.6747 782,48 0.8258 692,76 -0,0531 663,09 -0.3782 454.45 -0,6033 467.59 -0.8068 449.97
0.5259 884.41 0.6770 781.80 0.8281 692.81 -0.0616 645.91 -0.3817 472.44 -0.6063 476.29 -0.8098 444.02
0.5281 890,29 0.6792 777.48 0.8303 693.21 -0.0702 620.03 -0,3852 467.51 -0.6093 497.86 -0.8127 450.28
0,5303 899,09 0.6814 769.02 0.8325 697.06 -0.0787 607,6i -0,3888 459.62 -0.6123 513,04 -0,8157 449,52
0,5325 908,13 0.6836 769.48 0.8347 698.91 -0.0873 589.81 -0.3923 476,27 -0.6153 534.31 -0.8187 448.19
0.5347 905,43 0.6858 767.34 0.8369 701,04 -0.0958 562.44 -0.3958 451.13 -0.6183 518.13 -0.8217 445,52
0.5370 912.44 0.688i 762,24 0.8392 704.11 -0.1044 5,50.50 -0.3993 468,50 -0.6213 479.49 -0.8247 438,48
0.5392 910.40 0.6903 761.72 0.8414 703.20 -0.1130 534.50 -0.4029 458.24 -0,6243 480.92 -0.8277 447,20
0,5414 916.56 0,6925 755.47 0.8436 703.00 .0.1215 511.04 .0.4064 472.27 -0.6273 489,11 -0.8307 442,28
0,5436 922.02 0.6947 758.50 0.8458 709,28 -0.1301 507.15 -0.4099 463.48 -0.6303 477.75 -0.8337 442,61
0.5459 923,92 0.6970 757.62 0.8481 706.78 -0,1386 489.45 -0,4134 459.70 -0,6333 484.52 -0.8367 440,36
0.5481 923.93 0.6992 752.33 0.8503 704.30 -0,1472 483.33 .0.4170 472.91 -0.6362 478.78 -0.8397 445.64
0.5503 929,30 0.7014 743.19 0,8525 710.53 .0.1557 474.67 -0,4205 456,47 .0.6392 490.22 -0.8427 452.81
0.5525 932.36 0.7036 748.62 0.8547 710.70 -0.1643 460.49 -0,4240 465.68 -0.6422 475.28 -0,8457 449.35
0.5547 930.14 0.7058 744.42 0.8569 717.07 -0,1728 469.58 -0.4275 455.20 -0.6452 485,42 -0.8486 449.94
0.5570 945.16 0,7081 739.69 0,8592 718,23 -0.1814 454,10 -0.4310 461.55 -0.6482 493.16 -0,8516 453.83
0.5592 944.74 0,7103 735,31 0,8614 721,66 -0.1899 465,17 .0.4346 453.74 -0.6512 484.91 -0.8546 447.88
0.5614 945.37 0.7125 736.79 0.8636 726.13 -0.1985 455.11 -0.4381 465.45 -0.6542 489.10 -0.8576 451.44
0.5636 935.76 0.7147 736.58 0.8658 724.84 -0,2020 453,06 -0.4416 473.47 -0,6572 509.00 -0,8606 453.43
0.5658 936.62 0.7170 730.27 0.8681 723.54 -0.2055 446.13 -0.4451 455.23 -0,6602 510,66 -0.8636 464,41
0,5681 939.36 0.7192 732.99 0.8703 728,38 -0.2091 441,19 -0.4487 468.96 -0.6632 515,02 -0,8666 458.48
0.5703 941.21 0.7214 727.17 0.8725 728.08 -0,2126 445,80 -0.4522 453,47 -0.6662 497,25 -0.8696 456,25
0.5725 929.17 0_7236 727.58 0.8747 739.03 -0.2161 430.72 -0.4557 468.32 -0.6692 491.51 -0.8726 457.50
0,5747 929.62 0.7258 726.21 0,8769 742.52 -0.2196 447.74 -0.4592 461.14 -0.6721 485.30 -0.8756 457,42
0.5770 927.36 0.7281 718.83 0,8792 737.39 .0,2232 426,77 -0.4628 459.53 -0.6751 483.69 -0.8786 454.56
0.5792 931.08 0.7303 716.15 0.8814 748.03 -0.2267 426.83 -0,4663 466,05 -0,6781 477.54 -0.8816 459.22
0.5814 925.56 0.7325 712.65 0.8836 752.99 -0.2302 428.44 -0.4698 457.02 -0.6811 463.95 -0.8845 465.41
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.8875 466.61
-0.8905 462.29
-0.8935 465.21
-0,8965 466.72
.0.8995 471.19
.0.9025 471.00
-0.9055 476.29
-0.9085 479.16
-0.9115 485.82
-0.9145 487.08
-0.9174 488.95
-0.9204 493.81
-0.9234 499.48
-0.9264 502.11
-0.9294 507.40
-0.9324 513.13
-0.93,54 517.13
-0.9384 522.98
-0.9414 529.04
-0.9444 535.14
-0.9474 542.56
-0.9,504 548.01
.0.9533 552.89 0.1333 0.2424
-0.9563 558.62 0.1353 0.25,58
-0.9593 563.18 0.1372 0.2617
-0.9623 568.21 0.1391 0.2891
-0.9653 573.97 0.1411 0.3212

0.0907 0.2314 0,2'22,50.2359

0.0926 0.2318 0.2244 0.2367
0.0946 0,2268 0,2263 0.2349

0.0965 0.2204 0.2283 0.2358
0.0984 0.2260
0.1004 0.2266
0.1023 0.2237
0.1043 0.2210
0.1062 0.2256
0.1081 0.2289
0.1101 0.2262
0.1120 0.2292
0.1139 0.2250
0.1159 0.2289
0.I 178 0.2293

0.4681 0.1730
0.4703 0.1674

0,4726 0.1657
0.4748 0.1663

0.2302 0.2348 0.4770 0,1730

0,2302 0.2301 0.4792 0.1604
0,2334 0.2340 0.4815 0.1681
0.2366 0.2374 0.4837 0.1667

0,2398 0.2299 0.4859 0.1605
0.2430 0.2312 0.4881 0.1619

0.2462 0.2331 0.4903 0,1690
0.2494 0.2345 0.4926 0.1634

0.2526 0,2326 0,4948 0.1656
0,2558 0.2279 0.4970 0.1666

0.2590 0.2365 0.4992 0.1632

0.6192 0.1468
0.6215 0.1403
0.6237 0.1398
0.6259 0.1419
0.6281 0.1464
0.6303 0.1471
0.6326 0.1391
0.6348 0.1420
0.6370 0.1359
0.6392 0.1382
0.6415 0.1405
0.6437 0,1355
0.6459 0.1443

0.6481 0.1345
0.6503 0.1363

0.1198 0.2258
0.1217 0.2219
0.1236 0.2296
0.1256 0.2279
0.1275 0.2254
0.1294 0.2242
0.1314 0.2287

0,2622 0.2430 0,5015 0.1601 0.6526 0,1426
0.2654 0.2449 0.5037 0.1640 0.6548 0.1390
0.2686 0.2592 0.5059 0.1673 0.6570 0.1397
0.2718 0.2642 0.5081 0.1589 0,6592 0.1398
0.2750 0.2791
0.2782 0.3129
0.2814 0.3148
0.2846 0.3096
0.2878 0.3177
0.2910 0.2679
0.2942 0.2529
0.2974 0.2415

0.5103 0.1660 0.6615 0.1298
0.5126 0.1736 0.6637 0.1237
0.5148 0.1712 0.66,59 0.1211
0.5170 0.1581 0.6681 0.1340
0.5192 0.1679 0.6703 0.1387
0.$215 0.1599 0.6726 0.1241
0.5237 0.1601 0.6748 0.1208
0.5259 0.1571 0.6770 0.1246

0,7703 0.0975 0,9214 0.0416
0.7726 0,0880 0.9237 0.0387
0,7748 0.0988 0.9259 0.0487
0.7770 0.0863 0.9281 0.0494
0.7792 0.0870 0.9303 0,0467
0.7814 0.0948 0.9325 0,0482
0.7837 0.0964 0.9348 0.0487
0.7859 0.0968 0.9370 0.0511
0.7881 0.0866 0.9392 0.0474
0.7903 0.0952 0.9414 0.0457
0.7926 0.0911 0.9437 0.0479
0.7948 0.0627 0.9459 0.0453
0,7970 0.0780 0.9481 0.0546
0.7992 0.088-5 0.9503 0.0519
0.8014 0.0775 0.9525 0,0517
0.8037 0,0752 0.9548 0.0397
0.8059 0.0741 0.9570 0.0419
0.8081 0.0819 0.9592 0.0570
0.8103 0.0810
0.8126 0.07,58 X/PL
0.8148 0.0754 -0.0103 0.2681
0.8170 0.0811 -0.0188 0.2840
0.8192 0.0881 -0.0274 0.3034
0.8214 0.0810 -0.0359 0.3219
0.8237 0.0851 -0.0445 0.3289

0.8259 0.0850 -0.0530 0,3348
0.8281 0.0850 -0.0616 0.3288

-0.9683 576.49
-0.9713 583.41
-0.9743 592.87
-0.9773 605.27
-0.9803 623.76
-0.9833 648.34
-0.9863 685.74
-0.9892 719.98 0.1566 0.2250
-0.9922 750.86 0.1585 0.2312

0.1605 0.2321
0.1624 0.2351

_ASE S-_ 0.1643 0.2357
0.1663 0.2258

X/$L 11 0.1682 0.2355
0.0384 0.4415 0.1701 0.2298
0.0403 0.45,56 0.1721 0.2398
0.0422 0.4514 0.1740 0.2405
0.0442 0.4583 0.1760 0.2382
0.0461 0.3996 0.1779 0.23,58
0.0481 0.4275 0.1798 0.2421
0.0500 0.3786 0.1818 0.2374
0.0519 0.3499 0.1837 0.2459

0.1430 0.2878 0.3006 0.2621
0.1449 0.2645 0.3038 0.2481
0.1469 0.2526 0.3069 0.2732
0.1488 0.2582 0.3837 0.1985
0.1508 0.2658 0.3859 0.1980
0.1527 0.2374 0.3881 0.1978
0.1546 0.2292 0.3904 0.1969

0.3926 0.1933

0.3948 0.1956
0.3970 0.1916
0.3992 0.1961

0,4015 0.1915
0.4037 0.1948
0.4059 0,1922

0.5281 0.1579
0.5303 0.1548
0.5326 0.1644
0.5348 0.1492 0.6859 0.110,5
0.5370 0.1600 0.6881 0.1130
0.5392 0.1546 0.6903 0.1294
0.5415 0.1522 0.6926 0,1121
0.5437 0.1512 0.6948 0,1143
0.5459 0,1503 0.6970 0.1142
0.5481 0.1547 0.6992 0.1173
0,5,.503 0,1582 0.7014 0.1094
0.5526 0.1570 0,7037 0.1240
0.5548 0.1490 0,7059 0.1183
0.5570 0,1614 0.7081 0.1175

0.6792 0.1280 0.8303 0.0837 -0.0701 0.3272
0.6814 0.1166 0.8326 0.0921 -0.0787 0.3308
0.6837 0.1156 0.8348 0.0876 -0.0872 0.3318

0.8370 0.0890 -0.0958 0.3181
0.8392 0.0992 .0.1044 0.3200
0.8414 0.0956 .0.1129 0.3126
0.8437 0,0863 -0.1215 0.3037
0.8459 0.0929 -0.1300 0.2938
0.8481 0.0866 -0.1386 0.2888
0.8503 0.0813 -0.1471 0.2857
0.8526 0.0886 -0.1557 0.2806
0.8548 0.0876 -0.1642 0.2776
0.8570 0.0927 -0.1728 0.2708
0.8592 0.0809 -0.1813 0.2714

0.4081 0.1886 0.5592 0.1526 0.7103 0.1222
0.4104 0.1874 0,5615 0.1566 0.7126 0.t167
0.4126 0.1886 0,5637 0.1549 0.7148 0.1192
0.4148 0.1878 0.5659 0.1560 0.7170 0,1112
0,4170 0.1856 0.5681 0.1526 0.7192 0.1259
0.4192 0.1861 0.5703 0.1518 0.7214 0.1081
0.4215 0.1861 0.5726 0.1446 0.7237 0.1066
0.4237 0.1872 0.5748 0.1575 0.7259 0.1062

0.8614 0.0790 .0.1899 0.2656
0.8637 0.0802 -0.1984 0.2670
0,8659 0.0666 -0,2020 0.258t
0.8681 0.0675 -0.2055 0.2585
0.8703 0.0742 -0.2090 0.2653
0.8726 0.0641 .0.2125 0.2674
0.8748 0.0727 -0.2161 0.2710
0.8770 0.0734 .0.2196 0.2692

0.0539 0.3456 0.1856 0.2479
0,05,58 0.3276 0.1876 0.2352
0.0577 0.2757 0.1895 0.2362
0.0597 0.2759 0.1915 0.2371
0.0616 0.2831
0.0636 0.2862
0.0655 0.2742
0.0674 0.2625
0.0694 0,2615
0.0713" 0,2642
0.0732 0,2504
0.0752 0,2432
0.0771 0.2401
0.0791 0.2335
0.0810 0.2376
0.0829 0.2360
0.0849 0.2355
0.0868 0.2355
0.0888 0.2348

0.4259 0.1950 0.5770 0.1503 0.7281 0.1042 0.8792 0.0636 .0.2231 0.2644
0.4281 0.1839 0.5792 0.1506 0.7303 0.1022 0.8814 0.0672 -0.2266 0.2472

0.4304 0,1916 0.5815 0.1498 0.7326 0.1089 0.8837 0.0628 -0.2302 0.2447
0,4326 0.1830 0.5837 0.1470 0.7348 0.0901 0.8859 0.0586 -0.2337 0.2323

0.1934 0,2377 0.4348 0.1710 0.5859 0.1518 0.7370 0.0971 0.8881 0,0581 -0.2372 0.2256
0.1953 0,2375 0,4370 0.1789 0,5881 0.1544 0.7392 0.0972 0.8903 0.0595 -0.2407 0.2195

0.1973 0.2366 0.4392 0.1765 0.5903 0.1490 0.7414 0.1065 0.8926 0.0,554 -0.2442 0.2117
0.1992 0.2387 0.4415 0.1749
0.2011 0.2383 0.4437 0.1706
0.2031 0.2339 0.4459 0.1673
0.20,50 0.2343
0.2070 0.2345
0.2089 0.2403
0.2108 0.23,50
0.2128 0.2385
0.2147 0.2287
0.2166 0.2382
0.2186 0.2333
0.220,5 0.2370

0.5926 0.1487 0.7437 0.1061
0.5948 0.1530 0.7459 0.1018
0.5970 0.1398 0,7481 0.0988

0.4481 0.1642 0.5992 0.1458 0.7503 0.1006
0.4503 0.1702 0.6015 0.1521 0.7526 0.0960
0.4526 0.1708 0.6037 0.1445 0.7548 0.0873
0,4548 0.1727 0.6059 0.1373 0.7570 0.0883
0.4570 0.1692 0.6081 0.14T0 -0.7592 0.0911
0.4592 0.1783 0.6103 0.1459 0,7614 0.1112

0,4615 0.1794 0.6126 0.1421 0.7637 0.0858
0.4637 0.1803 0.6148 0.1440 0.7659 0.0966

0.4659 0.1820 0.6170 0.1348 0.7681 0.0932

0.8948 0.0534 -0.2478 0.2053
0.8970 0,0436 -0.2513 0,2015
0.8992 0.0494 -0.2548 0,1980
0,9014 0.0516 .0.2583 0.1978
0.9037 0.0457 .0.2619 0,1936
0,9059 0,0516 -0.2654 0.1939
0.9081 0.0516 .0.2689 0.1910
0.9103 0.0514 .0.2724 0.1909
0.9126 0.0457 .0.2760 0,1913
0,9148 0,0471 -0.2795 0,1968
0.9170 0.0430 -0.2830 0.1956
0.9192 0.0405 -0.286,5 0.2083
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.2901 0.2087 -0.5285 0,1378 -0.7319 0.0519 -0.9353 0.0478 0.1216 563.02 0.2653 641.59 0.5036 850,64
•0,2936 0.2124 -0,5315 0.1207 -0.7349 0.0516 -0.9383 0.0501 0.1236 553.40 0,2685 641.20 0,5059 856,59
-0.2971 0.2314 -0.5345 0.1025 -0.7379 0.0690 -0.9413 0.0504 0.1255 552.02 0,2717 630.37 0.5081 859.87
-0,3006 0.2307 -0.5375 0.0976 -0.7409 0.0678 -0.9443 0.0546 0.1275 557.08 0.2749 623.09 0.5103 857,76
-0.3041 0.2419 -0.5405 0.1052 -0,7439 0.0629 -0.9473 0.0557 0.1294 565.02 0.2781 635.88 0.5125 862.72
-0.3077 0.2327 -0.5435 0.1197 -0,7469 0.0500 -0.9503 0.0555 0.1313 564.33 0,2813 620.14 0.5147 862.10
•0.3112 0.2402 -0.5465 0.1224 -0.7499 0.0504 -0.9533 0.0544 0,i333 569.07 0.2845 609.61 0.5170 866,39
-0.3147 0.2333 -0.5494 0.1276 -0.7529 0.0544 -0,9563 0.0589 0.1352 591.18 0,2877 619.19 0.5192 868.72
•0.3182 0.2298 -0.5524 0.1236 -0.7559 0.0507 -0.9593 0.0614 0.1371 603.09 0.2909 614.90 0.5214 877.69
-0.3218 0.2248 -0.5554 0.1139 -0.7588 0.0482 -0.9623 0.0567 0.1391 577.56 0.2941 620.17 0.5236 883.71
-0.3253 0.2183 -0.5584 0.1133 -0.7618 0.0518 -0.9653 0.0519 0.1410 546.32 0.2973 619.03 0.5259 877.60
-0.3288 0.2225 -0,5614 0,1131 -0.7648 0.0504 -0,9683 0,0404 0.1430 535.02 0,3005 609,38 0,5281 878.81
-0,3323 0.2073 -0.5644 0.1509 -0.7678 0.0536 -0.9712 0.0385 0,1449 538.56 0.3037 614,45 0,5303 889,52
43,3359 0,2093 ,0.5674 0.1152 -0.7708 0.0512 -0.9742 0.0381 0,1468 557.81 0.3069 649.94 0,5325 890,54
-0.3394 0.1942 -0.5704 0,1070 ,0.7738 0.0409 4].9772 0.0470 0,1488 546.09 0.3836 760,06 0.5347 896.47
-0.3429 0.1992 -0.5734 0.1238 -0.7768 0.0380 -0.9802 0.0624 0.1507 535,98 0.3859 761,33 0.5370 898.25
-0.3464 0.1857 -0.5764 0,1391 -0.7798 0.0428 -0.9832 0.0786 0.1526 529.63 0.3881 761,99 0.5392 904,30
-0.3500 0.1862 -0.5794 0.1414 -0.7828 0.0412 -0.9862 0.0800 0.1546 519.37 0,3903 760.92 0.5414 908.00
-0.3535 0.1804 -0.5823 0.1536 -0.7858 0.0315 -0.9892 0.0770 0.1565 520,21 0,3925 763,30 0.5436 909.53
•0,3570 0.1741 -0.5853 0.1497 ,0.7888 0,0376 -0.9922 0.0570 0.1585 519.48 0.3947 767.80 0.5459 914.87
-0.3605 0.1753 -0.5883 0.1266 -0.7918 0.0271 0.1604 524.61 0.3970 769.54 0,5481 917.46
•0.3640 0.1596 -0,5913 0,1241 -0.7947 0.0298 0,1623 526.61 0.3992 769.57 0,5503 914.15
-0.3676 0.1575 -0,5943 0.1292 -0.7977 0.0310 OASET-Nu 0.1643 536.80 0.4014 777.10 0.5525 919.48
-0.3711 0,1565 -0,5973 0.1398 -0.8007 0,0232 0.1662 550.88 0,4036 777,98 0,5547 921.22
-0.3746 0.1504 -0.6003 0.1309 -0,8037 0,0257 X/SL Nu 0.1682 564.63 0.4059 776.43 0.5570 921,69
-0.3781 0.1368 -0.6033 0.1290 ,0,8067 0.0366 0,0383 1104,24 0,1701 573.26 0.4081 781.96 0.5592 927,74
-0.3817 0.1373 -0.6063 0.1387 -0,8097 0.0286 0.0403 961.46 0.1720 587.64 0.4103 779.30 0.5614 929.51
•0.3852 0.1455 ,0.6093 0,1574 -0,8127 0.0376 0.0422 912.35 0.1740 603.54 0.4125 779.68 0.5636 926.87
•0.3887 0.1360 -0.6123 0.1767 -0.8157 0.0392 0.0441 893.83 0.1759 613.91 0.4147 774.78 0,5658 924.62
-0.3922 0.1423 -0.6153 0.1952 -0.8187 0.0336 0.0461 891.39 0.1778 615.88 0.4170 772.50 0..5681 929.32
-0,3958 0.1423 -0.6182 0.1747 -0.8217 0.0290 0.0480 844,23 0.1798 628.31 0.4192 776.38 0.5703 928.58
-0.3993 0.1284 -0.6212 0.1359 -0,8247 0.0200 0.0499 827.89 0.1817 633,87 0.4214 778.61 0.5725 926.23
•-0.4028 0.1368 -0.6242 0.1334 -0.8277 0.0305 0.0519 773.70 0,1837 644.99 0.4236 776.70 0.5747 912,93
-0.4063 0.1225 -0.6272 0.1401 ,0.8306 0.0227 0.0538 758.45 0,1856 645.10 0.4259 781.66 0.5770 916.08
-0,4099 0.1339 -0.6302 0.1286 -0.8336 0.0248 0,0558 731.98 0.1875 644.70 0.4281 784,77 0.5792 918,93
-0.4134 0.1247 -0.6332 0.i389 ,0.8366 0,0235 0.0577 746.01 0,1895 647.23 0.4303 785.36 0.5814 917.10
,0.4169 0.1314 -0.6..%2 0.1325 -0.8396 0,0248 0.0596 735.64 0.1914 649.60 0.4325 785.26 0.5836 902,53
-0.4204 0.128i -0.6392 0.1423 -0,8426 0.0336 0.0616 725,71 0,1933 659,17 0.4347 787.00 0.5858 903.73

-0.4240 0.1162 -0.6422 0.1270 -0.8456 0,0296 0.0635 730,46 0.1953 656.81 0.4370 789.12 0.5881 906,03
-0.4275 0.1263 -0.6452 0.1377 -0.8486 0.0348 0.0654 732,83 0.1972 648.29 0.4392 794.20 0.5903 896.64
-0.4310 0.1091 -0,6482 0.1420 -0.8516 0.0405 0.0674 724.88 0.1992 659.53 0.4414 788.78 0.5925 888.96
-0.4345 0.1076 -0.6512 0.1356 -0.8546 0.0312 0.0693 710.28 0.2011 658.96 0,4436 793.99 0.5947 886.16
-0.4380 0.1140 ,0,6541 0,1432 ,0.8576 0.0358 0.0713 702.03 0.2030 659.11 0.4459 793.48 0,5970 888.23
-0,4416 0.1118 43,6571 0.1606 -0.8606 0,0395 0.0732 701.04 0.2050 657.47 0.4481 792.88 0.5992 886.80
-0,4451 0,1088 -0.6601 0,1671 -0.8636 0.0549 0.0751 690.97 0.2069 654.67 0.4503 791,13 0.6014 880,23
-0.4486 0.1060 -0.6631 0.1684 -0,8665 0,0432 0,0771 682.47 0.2088 657.82 0,4525 795.72 0.6036 873.00
-0,4521 0.1032 -0,6661 0.1438 ,0.8695 0,0349 0.0790 678.12 0.2108 660,83 0.4547 793.97 0.6058 875.73
-0.4557 0.0990 ,0.6691 0.1347 -0.8725 0.0377 0.0810 672.72 0.2127 658,60 0,4570 796.09 0.6081 877.95
-0.4592 0.1044 -0.6721 0.1316 -0.8755 0.0319 0.0829 657.26 0.2147 654,63 0.4592 805.54 0.6103 873.68
-0.4627 0.0971 -0.6751 0.1317 ,0.8785 0,0200 0.0848 644.91 0.2166 651.73 0,4614 804.11 0.6125 869.42
-0.4662 0.1026 -0,6781 0,1223 -0.8815 0.0267 0.0868 636,59 0.2185 650.70 0,4636 804.34 0,6147 862.48
-0.4698 0.i093 -0.6811 0.0995 -0.8845 0.0316 0.0887 637.89 0,2205 647,66 0.4659 812,50 0.6170 862.23
-0.4733 0.1020 -0.6841 0.1210 -0.8875 0.0280 0.0906 620.70 0,2224 640.33 0.4681 815.24 0,6192 863.18
•.0.4768 0.1078 -0.6871 0,1050 -0.8905 0,0201 0.0926 610.40 0.2243 634.34 0.4703 812.09 0.6214 853.88
-0.4803 0,1074 -0,6900 0.i179 -0.8935 0.0252 0.0945 602.55 0.2263 628.61 0.4725 808.42 0.6236 844.76
-0.4839 0.1008 -0,6930 0.1086 -0.8965 0.0276 0.0965 598.33 0.2282 630.53 0.4747 816.79 0,6258 833,44
-0.4874 0.0918 -0.6960 0.1109 ,0,8995 0.0345 0.0984 595.90 0.2302 630,21 0.4770 816.11 0.6281 839.71
-0.4909 0.0971 ..0,6990 0.0987 -0.9024 0.0307 0.1003 587.98 0.2302 620.64 0.4792 820.02 0.6303 833.08
-0.4944 0.0942 ..0.7020 0.1021 -0.9054 0.0284 0.1023 578.25 0.2334 624.61 0.4814 817.94 0.6325 828.44
-0.4979 0.t042 -0.7050 0.1090 -0,9084 0.0372 0.1042 570.89 0.2366 625.36 0.4836 820.59 0,6347 819.85
-0.5015 0.ii58 -0.7080 0.1190 -0.9114 0,0513 0.1061 566.24 0.2398 626.21 0,4859 830,59 0.6370 825.61
-0,5076 0.1095 -0.7110 0.1128 -0.9144 0,0462 0.1081 564.32 0.2430 627.47 0.4881 830.13 0.6392 826.08
-0.5106 0.1083 -0.7140 0.0858 -0.9174 0.0433 0.1100 572.64 0,2461 626,00 0.4903 835.65 0.6414 817.03
•0.5135 0.1033 -0.7170 0,0789 -0.9204 0.0439 0.1120 572.74 0.2493 631,18 0.4925 830.88 0,6436 817.80
-0.5165 0.1148 -0.7200 0,0863 -0.9234 0.0413 0.1139 555,57 0.2525 627.53 0,4947 839,87 0,6458 815.60
-0.5195 0.1045 -0.7230 0,0988 -0.9264 0.0407 0.1158 551.38 0.2557 628.41 0.4970 839,38 0.6481 818,65
-0,5225 0.1105 -0.7259 0.0898 -0.9294 0.0438 0.1178 565.24 0.2589 628.62 0.4992 846.38 0.6503 808.81
-0.5255 0.1169 -0.7289 0.0846 -0,9324 0.0445 0.1197 568.53 0,2621 635.04 0.5014 846.90 0.6525 808.71

198



Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.6547 806.04 0.8058 696.31 0.9569 1099.13 -0.3465 4,50.13 -0.5824 ,_26.86 -0.7858 421.63 -0.9892 664.34
0,6570 801,87 0,8081 698,37 0.9592 1203.16 -0.3500 467.65 -0,5854 424.14 -0.7888 422.01 -0.9922 687,70
0.6592 797.33 0.8103 686.85 -0.3535 449,08 -0.5884 421,99 -0.7918 430.19
0,6614 793.16 0.8125 692,81 X/PL Nu -0.3571 466.04 -0.5914 432.15 -0.7948 427.15
0,6636 801.39 0.8147 696.53 -0.0103 920,00 -0,3606 455.97 .0,5944 422.62 -0.7978 417,61 CASET-_
0.6658 798.19 0.8169 696.76 -0.0189 840.00 -0.3641 464.58 .0.5974 427.60 .-0.8008 420.56
0.6681 788.51 0.8192 697.19 -0.0274 791.00 -0,3676 461.34 -0.6003 419,89 -0.8038 422,33 X/SL
0.6703 787.56 0.8214 694.95 -0,0360 778.49 -O.3711 451,15 -0.6033 421.49 -0.8068 434.04 0.0384 0.3840
0.6725 791,76 0.8236 702.16 -0.0445 743.15 -0.3747 469,48 -0.6063 431,06 -0.8098 447.82 0.0403 0.3841
0.6747 787.49 0.8258 699.57 -0.0531 701.19 -0.3782 447.19 -0.6093 431.30 -0.8127 457.85 0.0422 0.4072
0,6770 777.91 0.8281 700.02 -0,06i6 682.55 -0,3817 469.02 -0.6123 442,73 -0,8157 442.51 0,0442 0,3898
0.6792 784.00 0.8303 703.92 -0.0702 603.86 -0.3852 451,97 -0.6153 443,12 -0.8187 438,18 0.0461 0.3612
0.6814 774.15 0.8325 704.81 -0.0787 566.04 -0.3888 462,81 -0.6183 449.72 -0.8217 434.95 0.0481 0.3550
0.6836 771.75 0.8347 709,06 -0.0873 539.24 -0,3923 454.15 .0.6213 453.30 -0,8247 438.61 0,0500 0,3284
0.6858 768.65 0.8369 706.99 -0.0958 512.00 -0,3958 452,16 -0.6243 433,02 -0.8277 434.60 0,0519 0,2533
0.6881 769.25 0.8392 705.02 -0,1044 496.64 -0,3993 466.26 -0.6273 428.60 -0.8307 443.78 0.0539 0.2048
0.6903 769.00 0.8414 707.16 -0.1130 494.67 -0.4029 441.34 -0.6303 431.29 -0.8337 433.18 0.05,58 0.1677
0.6925 765.50 0.8436 713.94 -0.1215 463.65 -0.4064 467.82 -0.6333 436.5,5 -0.8367 431.16 0.0577 0.1468
0.6947 761.15 0.8458 718.48 -0.1301 466.39 -0.4099 452.31 -0.6362 437.69 -0.8397 431.25 0.0597 0.1592
0.6970 767.03 0.8481 709.96 -0.1386 444.81 -0.4134 464.01 -0.6392 433.62 -0.8427 442.06 0.0616 0.1419
0.6992 756.48 0.8503 708.40 -0.1472 449.17 -0,4170 453.32 -0.6422 439.28 -0.8457 439.40 0.0636 0.1448

0.7014 755.76 0,8525 713.33 -0.1557 437,51 -0,4205 451.99 -0.6452 445.20 -0,8486 440.42 0,0655 0.1548
0.7036 753.72 0.8547 719.20 -0.1643 429,56 -0,4240 467.08 -0,6482 442,44 -0.8516 446.34 0.0674 0.1506
0.7058 756.08 0.8569 717.14 -0.1728 438.70 -0.4275 441.59 -0.6512 439.57 -0.8546 450.10 0.0694 0.1514
0.7081 747.83 0.8592 719,77 -0,1814 422.52 -0.4310 467.25 -0,6542 433.34 -0,8576 447.74 0,0713 0.1343
0.7103 746.48 0.8614 726.64 -0,1899 440,93 -0,4346 449,79 -0.6572 433.80 -0.8606 473,71 0.0732 0.1396
0.7125 748.83 0.8636 731.51 -0,1985 425.91 -0.4381 469.50 -0.6602 444.71 -0.8636 471,93 0.0752 0.1294
0.7147 746,49 0.86.58 732.11 -0,2020 434.19 -0,4416 454.27 -0,6632 453.28 -0.8666 463.10 0.077i 0.1120
0.7170 749,32 0.8681 732.91 -0.2055 421.98 -0.4451 457,56 -0,6662 4.50.55 -0,8696 452.49 0.0791 0.1141
0,7192 751.43 0.8703 738.41 .0.2091 420.47 -0.4487 465.75 -0.6692 448.65 -0.8726 450.02 0.0810 0.1189
0,7214 752.71 0.8725 739,06 -0,2126 415.00 -0,4522 447.02 -0,6721 448.78 -0,8756 463,28 0.0829 0,1273
0.7236 740.52 0,8747 746.67 -0.2161 404.14 -0,45.57 469.84 -0.6751 449.17 .0.8786 455.81 0.0849 0.1094
0.7258 739.67 0.8769 752.65 -0.2196 420.18 -0,4592 448.66 -0,6781 452.03 -0.8816 467,65 0.0868 0.1054
0.7281 730.48 0.8792 751,26 -0,2232 404.63 -0,4628 461.76 -0,6811 448.85 -0,8845 460,99 0.0888 0.1273
0.7303 732.47 0.8814 758.67 -0,2267 413,80 -0.4663 451.65 -0.6841 441.46 -0.8875 462.24 0.0907 0,1111
0.7325 731.74 0.8836 761,34 -0,2302 409.12 -0,4698 450.00 -0.6871 445,73 -0.8905 465,95 0.0926 0.1142
0.7347 716.57 0.8858 770,81 -0.2337 419.72 -0.4733 451.61 -0.6901 436.00 -0.8935 480.36 0.0946 0,1062
0.7370 723.39 0.8881 770.73 -0.2372 423.81 -0.4769 441.18 -0.6931 451.76 -0.8965 476.11 0.096.5 0.1123
0.7392 715.58 0.8903 777,45 -0.2408 420,62 -0,4804 458.36 -0.6961 440.41 -0,8995 487,21 0,0984 0,1202
0,7414 719.41 0.8925 785.29 -0.2443 436,95 -0.4839 439,84 -0.6991 447,12 -0.9025 481.06 0.1004 0,1214
0,7436 706.87 0.8947 787,27 -0.2478 428,16 -0,4874 457,19 -0.7021 437.29 -0,9055 457.60 0,1023 0,1125
0.7458 708.21 0.8969 798.47 -0.2513 448.33 -0.4910 441.44 -0.7051 436.07 -0.9085 481.67 0.1043 0.1051
0.7481 712.96 0.8992 801.69 -0.2,549 442.38 -0.4945 449.54 .0.7080 445.19 -0.9115 481.41 0.1062 0.1084
0.7503 715.14 0.9014 800,96 -0.2584 456,22 -0,4980 448,75 -0,7110 452.83 -0,9145 490.89 0.1081 0.0999
0.7525 716.84 0.9036 806.51 -0.2619 462,29 -0.5015 433,31 -0.7140 451.42 -0.9174 495.66 0.110i 0,1065
0.7547 711,41 0,9058 809.13 -0.2654 460.80 -0.5050 446,11 -0.7170 445.64 -0.9204 497.80 0.1120 0.1086
0.7570 711.82 0.9081 819.85 -0.2690 449.52 -0.5086 438,08 -0.7200 446.41 -0.9234 497.45 0.1139 0.1257
0.7592 709.16 0.9103 825.05 -0.2725 469.95 -0,5121 450.65 -0.7230 448.54 -0.9264 498.37 0.1159 0.1099
0.7614 702.58 0.9125 834,34 -0,2760 478.12 -0.5156 434.65 -0.7260 454.84 -0.9294 504.38 0,1178 0,1049
0.7636 700.72 0.9147 835.00 -0.2795 467.11 -0.5191 448.94 -0.7290 457.34 -0.9324 509. i5 0.1198 0.1131
0.7658 695.36 0.9169 842.40 -0.2831 469,10 -0,5227 443.23 .0.7320 446,54 -0.9354 518,45 0.1217 0.1186
0.7681 693,73 0,9192 848.70 -0,2866 473.50 -0,5262 438.99 -0.7350 433.44 -0.9384 522.45 0.1236 0.1173
0.7703 702,52 0.9214 856.85 -0.2901 464,74 -0.5297 440.89 .0.7380 430,04 -0.9414 526.50 0.1256 0,1239
0.7725 700,47 0,9236 868,74 -0,2936 466.58 -0.5332 425.21 -0.7409 434.46 -0,9444 533.86 0.1275 0.1246
0.7747 698.06 0,9258 876.03 -0.2971 438.87 -0.5368 438.81 -0.7439 438.67 -0.9474 538.88 0.1294 0.1374
0,7770 703.60 0,9281 886,84 -0,3007 465.96 -0,5403 430,10 -0,7469 438.99 -0.9504 546.31 0.1314 0.1412
0.7792 702.58 0.9303 889.17 -0,3042 483.45 -0.5438 434.41 -0.7499 440.85 -0.9533 551.39 0.1333 0.1507
0.7814 704.76 0.9325 902,36 -0.3077 455.72 -0,5473 421,00 -0.7529 444.92 -0.9563 556.72 0.1353 0.1627
0.7836 707.02 0.9347 916.25 -0.3112 442.48 -0.5509 422.87 -0.75,59 435.84 .0.9593 562.62 0.1372 0.1981
0.78,58 704.57 0.9369 939.69 -.0.3148 446.65 -0.5544 430.49 -0.7589 429.82 -0.9623 572.46 0.1391 0.2522
0.7881 697.26 0.9392 951.91 -0.3183 453.97 -0.5579 418.16 -0.7619 438.95 -0.9653 578.47 0.1411 0.2769
0.7903 699.11 0.9414 954.01 ..0.3218 437.27 -0.5614 423.75 -0.7649 433.48 -0.9683 584.48 0.1430 0.3087
0.7925 701.05 0.9436 960.63 -0.3253 452.21 -0.5649 420.65 -0.7679 439.93 -0.9713 592.00 0.1449 0.3158
0.7947 702.96 0,9458 975,34 -0,3289 441,52 .0,5685 431.40 -0.7709 440.92 -0.9743 601.43 0.1469 0.3441
0,7969 700.72 0.9481 990,51 -0.3324 456.20 -0.5720 423.15 -0.7739 439.16 .0.9773 612.69 0.1488 0.3553
0,7992 698.45 0.9503 1001,47 -0.3359 449.91 -0.5734 428.40 -0.7768 440.31 -0.9803 624.39 0,1508 0.3529
0.8014 693.32 0,9525 1025.96 .0,3394 452.05 -0.5764 423.58 -0.7798 437.66 -0.9833 635.08 0,1527 0.3538
0.8036 694.45 0.9547 1040.10 -0.3430 457.19 -0,5794 429,32 -0.7828 423.23 -0.9863 650.84 0,1546 0.3603

199



Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.1566 0.3573 0.3926 0.1081 0.5437 0.0709 0.6948 0.0481 0.8459 0.0329 -0.1300 0.2074 -0.4099 0.0869
0.1585 0.3624 0.3948 0.1099 0.5459 0.0669 0.6970 0.0549 0,8481 0.0221 -0.1386 0.1997 .0.4134 0.1006
0.1605 0.3797 0.3970 0.1057 0.5481 0.0660 0.6992 0.0503 0.8503 0.0188 .0,1471 0.2085 -0.4169 0.0758
0.1624 0.3743 0.3992 0.1019 0.5503 0.0586 0.7014 0.0492 0.8526 0.0228 -0.1557 0.2016 -0.4204 0.0826
0.1643 0,3753 0.4015 0.1043 0.5526 0.0530 0.7037 0,0484 0.8548 0.0191 -0.1642 0.2044 -0.4240 0.0838
0.1663 0.3875 0.4037 0.1052 0.5548 0.0601 0.7059 0.0535 0.8570 0.0170 .0.1728 0,1977 -0.4275 0.0645
0.1682 0.3935 0.4059 0.1021 0.5570 0.0603 0.7081 0.0434 0.8592 0.0190 -0.1813 0.1961 -0.4310 0.0861
0.1701 0.3849 0.4081 0.1044 0.5592 0.0652 0.7103 0,0513 0.8614 0.0246 .0.1899 0.2023 .0.4345 0.0707
0.1721 0.3791 0.4104 0.0987 0.5615 0.0622 0.7126 0.0462 0.8637 0.0226 -0.1984 0.1981 -0.4380 0.0853
0.1740 0.3796 0.4126 0.1131 0.5637 0.0699 0.7148 0.0404 0.8659 0.0255 -0.2020 0.2064 -0.4416 0.0662
0.1760 0.3741 0.4148 0.1001 0.5659 0.0667 0,7170 0.0550 0.8681 0.0257 -0.2055 0.2043 -0.4451 0.0795
0,1779 0.3623 0.4170 0.0922 0.5681 0.0598 0.7192 0.0606 0.8703 0.0263 -0.2090 0.2133 -0,4477 0.0906
0.1798 0.3558 0.4192 0.0940 0.5703 0.0629 0.7214 0.0554 0.8726 0.0252 -0.2125 0,1952 -0.4507 0.0796
0.1818 0.3439 0,4215 0.0967 0.5726 0.0732 0.7237 0.0553 0.8748 0.0307 -0.2161 0.1806 -0.4537 0.0738
0.1837 0.3435 0.4237 0.1000 0.5748 0.0601 0.7259 0.0604 0.8770 0.0307 .0.2196 0.1703 .0.4567 0.0732
0,1856 0.3332 0,4259 0.1054 0.5770 0.0635 0.7281 0.0479 0,8792 0.0283 .0.2231 0.1593 -0.4597 0.0729

0,1876 0.3298 0.4281 0.0999 0.5792 0.0559 0.7303 0.0469 0.8814 0.0315 -0.2266 0.1780 -0.4627 0.0697
0.1895 0.3265 0.4304 0.0958 0.5815 0.0683 0.7326 0.0552 0.8837 0.0263 -0.2302 0.1669 -0.4657 0.0594
0.1915 0.3i08 0.4326 0.1135 0.5837 0.0559 0.7348 0.0456 0.8859 0.0297 -0.2337 0.1945 -0.4687 0.0500
0.1934 0.3054 0.4348 0.1117 0.5859 0.0653 0.7370 0.0535 0.8881 0.0258 -0.2372 0,1796 -0.4717 0.0425
0.1953 0.2964 0.4370 0.0999 0,588! 0.0620 0.7392 0.0521 0.8903 0.0278 -0.2407 0.1832 -0.4747 0.0577
0.1973 0.2827 0.4392 0.1001 0.5903 0.0526 0.7414 0.0404 0.8926 0.0234 -0.2442 0.1753 -0.4776 0,0535
0.1992 0.2874 0.4415 0.0900 0.5926 0.0579 0.7437 0,0444 0.8948 0,0193 -0,2478 0.1680 -0.4806 0.0601

0.2011 0.2830 0.4437 0,0901 0.5948 0.0656 0.7459 0.0443 0.8970 0.0264 -0.2513 0.1745 -0.4836 0.0524
0.2031 0.2783 0.4459 0.0981 0.5970 0.0754 0.7481 0.0411 0.8992 0.0302 -0.2548 0.1587 -0.4866 0.0440
0,2050 0.2768 0,4481 0.0893 0.5992 0,0690 0.7503 0.0475 0.9014 0.0"22.9 -0.2583 0.1681 -0.4896 0.0436
0.2070 0.2687 0.4503 0.0857 0.6015 0.0649 0.7526 0.0532 0.9037 0.0248 -0.2619 0.1585 .0.4926 0.0428
0.2089 0.2658 0.4526 0.0966 0.6037 0.0573 0.7548 0.0519 0.9059 0.0273 -0.2654 0.1615 -0.4956 0.0454
0.2108 0.2598 0.4548 0.0949 0.6059 0.0780 0.7570 0.0441 0.9081 0.0237 -0.2689 0.1593 -0.4986 0.0362
0.2128 0.2631 0.4570 0.0934 0.6081 0.0720 0.7592 0.0379 0.9103 0.0253 -0.2724 0.1596 -0.5016 0.0313
0.2147 0.2582 0.4592 0.0950 0.6103 0.0644 0.7614 0.0360 0.9126 0.0274 -0.2760 0.1633 -0.5046 0.0258
0.2166 0.2592 0.4615 0.0894 0.6126 0.0677 0.7637 0.0370 0.9148 0.0265 -0.2795 0.1628 -0.5076 0.0355
0.2186 0.2536 0.4637 0.0855 0.6148 0.0668 0.7659 0.0353 0.9170 0.0245 -0.2830 0.1705 -0,5106 0.0352
0.2205 0.2474 0.4659 0.0926 0.6170 0.0733 0.7681 0.0352 0.9192 0.0253 .0.2865 0.1687 .0.5135 0.0448
0.2225 0.2467 0.4681 0.0909 0.6192 0.0753 0.7703 0.0557 0.9214 0.0216 -0.2901 0.1748 -0.5165 0.0454
0.2244 0.2470 0.4703 0.0941 0.62i5 0.0765 0.7726 0.0455 0.9237 0.0267 .0.2936 0.1636 -0.5195 0.0400
0.2263 0.2417 0,4726 0.0852 0.6237 0.0742 0.7748 0.0362 0.9259 0.0263 -0.2971 0.1294 -0.5225 0.0378
0,2283 0.2410 0,4748 0.0876 0.6259 0.0564 0.7770 0.0417 0.9281 0.0247 -0.3006 0.1367 -0.5255 0.0387
0.2302 0.2368 0.4770 0.0884 0.6281 0.0578 0.7792 0.0389 0.9303 0.0243 -0.3041 0.1396 .0.5285 0.0451
0.2302 0.2304 0.4792 0.0915 0.6303 0.0669 0.7814 0.0379 0.9325 0,0226 -0.3077 0.1458 -0.5315 0.0386
0.2334 0.2351 0.4815 0.0903 0.6326 0.0706 0.7837 0.0407 0.9348 0.0242 -0.3112 0.1331 -0.5345 0.0363
0.2366 0.2240 0,4837 0.0846 0.6348 0.0603 0.7859 0,0348 0.9370 0.0304 -0.3147 0.1227 .0.5375 0.0405
0.2398 0.2240 0.4859 0.0908 0.6370 0.0681 0.7881 0.0355 0,9392 0.0355 .0.3182 0.1534 .0.5405 0.0338

0,2430 0.2244 0.4881 0.0857 0.6392 0.0679 0.7903 0.0402 0.9414 0.0322 .0.3218 0.1299 -0.5435 0.0383
0.2462 0.2243 0.4903 0.0869 0.6415 0.0651 0.7926 0.0394 0.9437 0.0245 .0.3253 0,1512 .0.5465 0.0361
0.2494 0.2303 0.4926 0.0840 0.6437 0.0601 0.7948 0.0392 0.9459 0.0234 -0.3288 0.1449 -0,5494 0.0347
0,2526 0.2314 0.4948 0.0782 0.6459 0,0572 0.7970 0.0444 0.9481 0,0273 -0.3323 0.1513 .0.5524 0.0305
0.2558 0.2375 0.4970 0.0838 0.6481 0.0663 0.7992 0.0423 0.9503 0,0297 -0.3359 0,1429 -0,5554 0.0304
0.2590 0.2463 0.4992 0,0822 0.6503 0.0591 0.8014 0.0323 0.9525 0,0289 -0.3394 0.1484 -0,5584 0.0422
0.2622 0,2526 0.5015 0.0775 0.6526 0.0635 0.8037 0.0286 0.9548 0.0223 -0.3429 0.1349 -0.5614 0,0346
0.2654 0.2511 0.5037 0.0731 0.6548 0.0636 0.8059 0.0335 0.9570 0.0295 -0.3464 0.1315 .0.5644 0.0412
0.2686 0.2566 0.5059 0.0771 0.6570 0.0618 0.8081 0.0396 0.9592 0.0455 -0.3500 0.1344 -0.5674 0.0389
0.2718 0.2820 0.5081 0.0781 0,6592 0.0570 0.8103 0.0297 -0.3535 0,1285 -0.5704 0.0381

0.2750 0.2981 0.5103 0.0735 0.6615 0.0531 0.8126 0.0297 X/PL '11 -0.3570 0.1330 -0.5734 0.0380
0.2782 0.3210 0.5126 0.0816 0.6637 0.0589 0.8148 0.0316 -0.0103 0.2422 -0.3605 0.1212 -0.5764 0.0358
0.2814 0.3255 0.5148 0.0683 0.6659 0.0582 0.8170 0.0393 .0.0188 0.2378 .0.3640 0.1306 -0.5794 0.0395
0.2846 0.3585 0.5170 0.0736 0.6681 0.0583 0.8192 0.0410 .0.0274 0.2350 -0.3676 0.1161 -0.5823 0.0398
0.2878 0.3510 0.5192 0.0572 0.6703 0.0608 0.8214 0.0322 -0.0359 0.2396 .0.3711 0.1194 -0.5853 0.0387
0.2910. 0.3686 0.5215 0.0762 0.6726 0.0689 0.8237 0.0294 -0,0445 0.2345 -0.3746 0.1161 -0.5853 0.0310
0.2942 0.3559 0.5237 0.0807 0.6748 0.0591 0.8259 0.0303 -0.0530 0,2325 -0.3781 0.1056 -0.5913 0.0382

0.2974 0.3304 0.5259 0.0736 0.6770 0.0494 0.8281 0.0365 -0.0616 0.2298 -0.3817 0.1153 -.0.5943 0.0300
0.3006 0.3233 0.5281 0.0691 0.6792 0.0602 0.8303 0.0314 -0.0701 0.2263 .0.3852 0.0982 .0.5973 0.0324
0.3038 0.3003 0.5303 0.0702 0.6814 0.0522 0.8326 0.0265 -0.0787 0.2336 .0.3887 0.1192 -0.6003 0.0227
0.3069 0.2832 0.5326 0.0704 0.6837 0.0507 0.8348 0.0275 -0.0872 0.2299 -0.3922 0.0945 -0.6033 0.0225
0,3837 0.1208 0.5348 0.0713 0.6859 0.0595 0.8370 0.0303 -0.0958 0.2214 -0.3958 0.1096 -0.6063 0.0293
0.3859 0.1229 0.5370 0.0614 0,6881 0.0475 0.8392 0.0269 -0.1044 0.2234 -0.3993 0.1024 -0.6093 0.0287
0.3881 0.1207 0.5392 0.0641 0.6903 0.0512 0.8414 0.0304 -0,1129 0.2251 -0,4028 0.0771 -0.6123 0.0399
0.3904 0.1151 0.5415 0.0684 0.6926 0.0546 0.8437 0.0316 -0.1215 0.2089 -0.4063 0.0989 -0.6153 0.0422
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

.0.6182 0,0444 -0.8217 0.0096 0_0480 806.29 0.1798 613.20 0,4192 805.15 0.5703 928.29 0.7214 732.96
-0.6212 0.0448 -0.8247 0.0122 0.0499 784.15 0.1817 614.57 0,4214 807.34 0.5725 914.51 0.7236 725.41
-0.6242 0.0304 -0.8277 0.0089 0.0519 747.25 0.1837 623.93 0,4236 811,01 0,5747 906.66 0.7258 725.91
-0.6272 0,0238 -0.8306 0.0136 0,0538 719,76 0,1856 626.35 0,4259 807.17 0.5770 914.22 0.7281 725.17
.0.6302 0.0255 .0.8336 0,0063 0.0558 741.11 0.1875 623.86 0,4281 809.33 0.5792 910.83 0.7303 715.92
.0.6332 0.0288 -0.8366 0.0075 0.0577 725.62 0.1895 613.01 0.4303 804.18 0.5814 916.61 0.7325 715.38
.0.6362 0.0278 -0.8396 0,0062 0.0596 717.27 0.1914 623.05 0.4325 800.80 0.5836 900.04 0.7347 714.27
-0,6392 0.0258 .0.8426 0.0116 0.0616 701,88 0.1933 636.64 0,4347 799.77 0.5858 899.81 0.7370 719.87
.0,6422 0.0302 .0.8456 0.0089 0.0635 692,88 0,1953 633.83 0,4370 806.01 0.5881 902.83 0.7392 714.71
-0,6452 0.0339 -0.8486 0,0074 0.0654 690.14 0.1972 636.68 0.4392 805.33 0.5903 893,34 0.7414 709.84
-0.6482 0,0284 -0.8516 0.0132 0.0674 687,91 0.1992 634,24 0,4414 804.91 0.5925 888,36 0.7436 704,97
-0.6512 0.0283 -0.8546 0.0148 0.0693 675.89 0,2011 637.95 0.4436 800.79 0,5947 877,76 0.74.58 706.64
-0.6541 0.0214 -0.8576 0,0117 0.0713 670,78 0.2030 652.50 0,4459 796.95 0.5970 880,70 0.7481 710.06
.0.6571 0,0211 -0.8606 0.0291 0.0732 673.04 0.2050 632.52 0,4481 796.19 0.5992 876.87 0.7503 714.00
-0.6601 0.0282 -0.8636 0.0310 0.0751 663.64 0.2069 632.26 0.4503 800.46 0.6014 880.38 0.7525 705.28
.0.6631 0.0342 -0.8665 0.0205 0.0771 659.13 0.2088 636.77 0.4525 796.74 0,6036 869,63 0.7547 704.00
-0.6661 0.0333 -0.8695 0.0101 0.0790 656.41 0.2108 636.33 0.4547 800.43 0.6058 866,08 0.7570 704.41
-0.6691 0.0304 -0.8725 0.0077 0.D810 652.82 0.2127 640.93 0.4570 810.83 0.6081 876.70 0,7592 707,33
-0.6721 0.0338 .0.8755 0.0162 0.0829 637.69 0.2147 638.93 0.4592 817.08 0.6103 874.63 0.7614 704.43
-0.6751 0.0335 .0.8785 0.0088 0.0848 630,96 0.2166 632.29 0.4614 814,10 0.6125 868.66 0,7636 696.39
-0.6781 0.0350 .0.8815 0.0157 0.0868 621.23 0.2185 631.02 0.4636 814.71 0.6147 865.57 0.7658 698.49
-0.6811 0.0308 -0.8845 0.0113 0.0887 619.13 0.2205 635.25 0.4659 817.28 0.6170 863.66 0.7681 700.65
-0.6841 0.0223 .0.8875 0.0077 0,0906 605.03 0.2224 629.48 0.4681 821.19 0.6192 856.17 0.7703 693.95
-0.6871 0.0263 -0.8905 0.0065 0.0926 592,19 0.2243 619.43 0.4703 815.90 0.6214 849.17 0.7725 694.96
-0.6900 0.0215 -0.8935 0.0176 0,0945 587.48 0.2263 616,10 0.4725 816.77 0.6236 842.86 0.7747 696.76
-0.6930 0.0311 -0.8965 0.0125 0.0965 583.34 0.2282 619.13 0.4747 819.01 0.6258 845.66 0.7770 697.65
-0.6960 0.0254 -0.8995 0.0195 0,0984 579.68 0,2302 621.22 0.4770 826.80 0.6281 845.31 0.7792 705.18
-0,6990 0.0303 -0,9024 0.0124 0.1003 573.51 0.2302 616.85 0.4792 816.65 0.6803 833.41 0.7814 699.66
-0.7020 0.0225 .0.9054 0.0124 0.1023 565.84 0.23.34 618.02 0.4814 819.47 0.6325 826.40 0.7836 692.89
-0.7050 0,0183 -0.9084 0.0086 0.1042 557.66 0,2366 620.84 0.4836 825.40 0.6347 830,79 0.7858 692.89
-0.7080 0,0268 .0.9114 0,0094 0.1061 560.04 0,2398 624.58 0.4859 827.79 0,6370 825.21 0.7881 695.86
.0,7110 0,0317 .0.9144 0,0135 0,1081 551.81 0,2430 629.46 0.4881 824.60 0.6392 828.18 0.7903 691.26
-0.7140 0.0284 -0.9174 0.0138 0,1100 557,78 0.2461 631.31 0.4903 834,28 0.6414 821.63 0.7925 690.58
-0.7170 0.0258 -0,9204 0.0112 0,1120 557,10 0,2493 637,11 0.4925 836.40 0,6436 823,41 0.7947 697.42
-0,7200 0,0251 -0,9234 0.0081 0.1139 542,85 0.2525 638,02 0.4947 834.11 0,6458 824.62 0.7969 697.48
-0,7230 0,0311 -0.9264 0,0088 0.1158 539,82 0.2557 638.09 0.4970 840.44 0.6481 821,83 0.7992 691,98
-0.7259 0.0360 -0,9294 0,0078 0,1178 548.83 0.2589 637.72 0.4992 842.92 0.6503 816.50 0,8014 694,97
.-0.7289 0.0355 .0.9324 0.0073 0.1197 553.11 0.2621 643.16 0.5014 848.26 0.6525 808.42 0.8036 693.90
-0.7319 0.0239 -0.9353 0.0129 0.1216 543.43 0.2653 654.66 0.5036 842.84 0.6547 800.79 0.8058 692.50
-0.7349 0.0140 -0.9383 0.0124 0.1236 538.30 0.2685 660.79 0.5059 851.87 0.6570 796.99 0.8081 697.55
-0.7379 0.0142 -0.9413 0.0110 0.1255 533.15 0.2717 658.81 0.5081 853.43 0.6592 791.45 0.8103 691.59
-0.7409 0.0145 -0.9443 0.0123 0,1275 535.90 0.2749 665.85 0.5103 851.27 0,6614 780.74 0.8125 694.03
-0.7489 0.0184 -0.9473 0.0106 0.1294 546,34 0.2781 681.87 0.5125 854.83 0.6636 783.40 0.8147 691.03
-0.7469 0.0218 -0.9503 0.0110 0.1313 550.34 0.2813 772,40 0.5147 865.04 0.6658 773.45 0.8169 691.55
-0.7499 0.0228 -0.9533 0.0110 0.1333 560.39 0.2845 711.29 0.5170 865.24 0.6681 773.40 0.8192 689.96
-0,7529 0.0239 -0.9563 0.0133 0,1352 577.90 0.2877 655.45 0.5i92 866.42 0.6703 768.33 0.8214 690.33
-0.7559 0.0173 -0.9593 0.0183 0,1371 612.64 0.2909 649.65 0.5214 876.24 0.6725 770.67 0.8236 696.04
.0.7588 0.0124 -0.9623 0.0204 0.1391 595.66 0,2941 651,06 0.5236 879.92 0,6747 767.01 0,8258 697.36
.0.7618 0.0158 -0.9653 0.0168 0.1410 560.05 0.2973 879,43 0,5259 880.43 0.6770 761.08 0,8281 698.14
-0.7648 0.0137 -0.9683 0.0151 0.1430 560.94 0.3005 849.81 0,5281 879.47 0.6792 759.88 0,8303 693.66
.0.7678 0.0156 .0.9712 0,0145 0,1449 589.77 0.3037 839.98 0,5303 888,06 0,6814 756.14 0.8325 695,67
-0,7708 0.0153 -0.9742 0.0163 0,1468 629,65 0.3069 789,96 0.5325 898,12 0,6836 746.73 0.8347 692,56
-0.7738 0.0134 .0.9772 0.0181 0.1488 645.13 0.3836 818.80 0.5347 898,78 0,6858 761.07 0.8369 692,74
-0.7768 0.0168 -0.9802 0.0194 0.1507 636.48 0.3859 822,04 0.5370 898.10 0.6881 755.05 0,8392 695,21
-0.7798 0.0163 .0.9832 0.0167 0.1526 631,76 0.3881 815,67 0.5392 902.76 0.6903 750.62 0.8414 700.92
-0.7828 0.0546 .0.9862 0.0204 0,1546 617.63 0.3903 813.73 0.5414 906.15 0.6925 745.12 0.8436 695.52
-0,7858 0.0048 -0.9892 0.0204 0.1565 611.77 0,3925 818,35 0.5436 907.96 0.6947 751.65 0.8458 694,66
-0,7888 0,0049 -0,9922 0,0356 0.1585 602,47 0.3947 824.02 0,5459 914.27 0.6970 753.03 0.8481 693.12
.0.7918 0,0081 0.1604 586.05 0.3970 821.34 0.548i 911.96 0.6992 743.56 0.8503 698.20
.0.7947 0.0058 0,1623 578.96 0,3992 814.14 0.5503 921,44 0,7014 743.48 0.8525 700.72
-0.7977 0.0005 CASEU-Nu 0,1643 583.20 0,4014 8i8.38 0.5525 923,22 0,7036 744.92 0,8547 703,29
-0.8007 0.0035 0,1662 584.47 0,4036 817.07 0.5547 921.82 0.7058 743,01 0.8569 712.21
-0.8037 0.0048 X/SL Nu 0.1682 588.12 0.4059 817.80 0.5570 930.76 0,7081 741,62 0.8592 712.74
-0.8067 0.0132 0.0383 893.24 0.1701 592.88 0.4081 816.57 0.5592 930.10 0.7103 735.63 0.8614 714.80
-0.8097 0.0208 0.0403 833.82 0,1720 600.06 0.4103 816.02 0.5614 930.98 0.7125 739.96 0.8636 721.12
.0.8127 0,0289 0.0422 752,53 0.1740 604.03 0,4125 809.75 0.5636 923,62 0.7147 740.22 0.8658 721.48
.0.8157 0.0163 0.0441 729.32 0.1759 603.04 0.4147 805.86 0.5658 921.51 0.7170 731.27 0.8681 719.62
-0.8187 0.0131 0.0461 819.67 0.1778 606.42 0.4170 808.42 0,5681 928.76 0.7192 731.80 0.8703 722.64
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.8725 726.89 .0.2126 425.46 -0,4522 455.57 .0.6662 461.16 -0.8696 463.16 0.0791 0.2123 0.2108 0,3233
0.8747 730.82 -0.2161 439.36 -0,4557 478.02 -0,6692 460.93 -0,8726 463.58 0.0810 0,2102 0.2128 0.3258
0.8769 736.80 .-0.2196 449.21 -0.4592 461.29 .0,6721 461.44 .0,8756 465.79 0.0829 0.2000 0.2147 0.3217
0.8792 741.76 -0.2232 444.31 -0,4628 468,58 -0.6751 461.36 -0.8786 471.05 0.0849 0.2091 0.2166 0.3166
0.8814 746.25 -0.2267 429.62 .0.4663 456.53 -0,6781 460.25 -0.8816 474.85 0.0868 0.2042 0.2186 0.3148
0.8836 750.36 -0.2302 410,55 -0.4698 452,70 -0.6811 460.95 -0.8845 474.52 0.0888 0.2020 0.2205 0.3187
0,8858 752.84 -0,2337 421.75 -0.4733 458.93 .0.6841 462.29 -0.8875 478.58 0.0907 0.2008 0,2225 0.3120
0,8881 752,88 .0.2372 425.44 .0.4769 449.01 -0.6871 461.53 .0.8905 481.40 0,0926 0.2007 0.2244 0.3083
0.8903 761.02 -0.2408 421.71 .0.4804 462,35 .0.6901 460,20 .0.8935 485.72 0.0946 0.2056 0.2263 0,2993
0.8925 766.01 -0.2443 438.14 -0.4839 446,69 -0.6931 461.29 -0.8965 488,30 0,0965 0.1996 0.2283 0.2990
0,8947 770.32 -0.2478 431.88 -0,4874 453.55 -0,6961 462.03 -0.8995 489.87 0.0984 0.1954 0.2302 0.2995
0.8969 777.49 -0.2513 449.33 -0.4910 444.14 -0.6991 467.29 -0.9025 493.67 0.1004 0.2067 0.2302 0,2957
0.8992 779.24 -0.2549 442.82 -0,4945 448.21 .0.7021 461,25 -0.9055 498,12 0.1023 0.2005 0.2334 0,3043
0.9014 785,17 -0.2584 452.93 -0.4980 453.30 -0.7051 459,11 -0.9085 500.60 0,1043 0.1945 0.2366 0.2959
0,9036 789,66 -0.2619 463,06 -0.5015 444.33 -0.7080 458.02 -0.9115 500,76 0,1062 0,2079 0,2398 0,2900
0.9058 796.76 -0.2654 460.56 -0.5050 451.84 -0.7110 457.38 .0.9145 504.80 0.1081 0.1961 0.2430 0,2950
0.9081 804,14 -0.2690 483.10 -0,5086 443.91 -0,7140 457,77 -0.9174 507.91 0,1101 0.1968 0.2462 0.2941
0.9103 809.03 .0.2725 474.08 -0,5121 450.31 -017170 456.59 -0.9204 510.94 0.1120 0.1984 0.2494 0.2985
0.9125 816.15 -0.2760 509.81 -0.5156 434.23 -0.7200 454.88 -0.9234 515.31 0.1i39 0.1944 0,2526 0.2956
0.9147 822.03 -0.2795 522.98 -0,5191 441.10 -0.7230 454,52 -0.9264 523.29 0.1159 0.2173 0.2558 0.2969
0.9169 824,87 -0.2831 519.96 -0.5227 443,10 -0.7260 451.72 -0.9294 529.36 0,1178 0.2007 0.2590 0.3006
0,9192 836.49 -0,2866 509.90 -0.5256 450,30 -0.7290 451.87 .0.9324 532,01 0.1198 0.1977 0.2622 0.3012
0.9214 847,20 -0.2901 469.77 -0.5286 450.16 .0.7320 453.32 .0.9354 536,16 0.1217 0.1964 0.2654 0.3088
0.9236 852.97 .0,2936 479.63 -0.5315 447.99 -0.7350 455,46 -0,9384 544.46 0.1236 0.2055 0.2686 0.3071
0.9258 860.67 -0.2971 459.10 -0.5345 448.25 -0.7380 452.24 -0.9414 550.47 0.1256 0.2004 0.2718 0.3274
0.9281 869.84 -0.3007 479.94 .0.5375 447.46 .0.7409 451.10 -0.9444 555.47 0.1275 0.1993 0.2750 0.3610
0.9303 876.51 -0.3042 491.30 -0.5405 448,04 -0.7439 450.73 -0.9474 560.36 0.1294 0.2095 0.2782 0,3823
0,9325 884.82 .0.3077 479.36 -0,5435 449.09 43.7469 448.93 -0.9504 565.12 0.1314 0,2222 0.2814 0.3957
0.9347 899.60 .0,3112 457.35 .0,5465 448.98 -0,7499 450.49 .0.9533 572.64 0.1333 0,2393 0.2846 0.3989
0.9369 914.47 -0,3148 457.88 .0.5495 450,19 -0.7529 448.75 -0.9563 580,67 0,1353 0.2376 0.2878 0.4238
0.9392 923.14 -0,3183 464.23 -0.5525 450.63 -0.7559 447.85 -0.9593 588.18 0.1372 0,2727 0,2910 0.4239
0.9414 925.72 -0.3218 452.58 -0.5555 450,48 -0.7589 446.65 -0,9623 592.93 0.1391 0.3118 0,2942 0,4249
0.9436 936,57 -0.3253 464,07 .0.5585 450.90 .0.7619 447.70 .0.9653 598.35 0,1411 0.3117 0.2974 0.5856
0.9458 943.40 -0.3289 447.24 .0.5615 450.06 -0.7649 448.41 -0.9683 604.11 0.1430 0.3177 0.3006 0.3743
019481 950.29 -0.3324 463.28 -0.5645 453.76 -0.7679 448.33 -0.9713 609.33 0.1449 0.3356 0.3038 0,3621
0.9503 959.61 -0.3359 454.61 -0..5674 454.41 -0.7709 448.49 -0.9743 613.50 0,1469 0.3406 0.3069 0.3432
0.9525 985.82 -0.3394 454.32 .-0.5704 455.61 -0.7739 448,65 -0.9773 623.05 0,1488 0,3542 0.3837 0.2358
0.9547 1010.64 -0,3430 463.30 .0.5734 452.90 -0.7768 447.09 -0.9803 633.10 0.1508 0.3819 0.3859 0.2370
0.9569 1066.22 -0.3465 456.33 -0.5764 447.86 -0.7798 447.05 -0.9833 641.76 0.1527 0.3900 0.3881 0.2301
0.9592 1149.17 -0.3500 471.51 -0.5794 448.99 -0.7828 446.38 -0.9863 650.91 0.1546 0.3992 0.3904 0.2256

-013535 454.30 -0.5824 448.94 -0.7858 446.80 -0.9892 657.17 0.1566 0.4051 0.3926 0.2178
X/PL Nu -0.3571 469,10 -0.5854 450.15 -0.7888 446.06 -0.9922 667.40 0.1585 0.4077 0.3948 0.2227

.0.0103 1059.46 -0.3606 461.11 -0,5884 452.10 -0,7918 446.82 0.1605 0.3997 0.3970 0.2165
-0,0189 981.95 -0.3641 467.40 -0.5914 453.92 -0,7948 447.16 0,1624 0,3993 0.39_Y2 0.2055

-0,0274 863.73 -0,3676 464.45 -0.5944 452,92 -0.7978 447.03 CASE U-r I 0.1643 0.4035 0.4015 0.2030
-0.0360 806.97 -0.3711 450.78 -0.5974 450.49 -0,8008 446.90 0.1663 0.4020 0.4037 0.2046

-0.0445 741.63 -0,3747 471.83 -0,6003 452.50 -0.8038 446.36 X/$L tl 0.1682 0.4001 0,4059 0,2064
-0.0531 674.45 -0.3782 451.84 -0.6033 453.15 -0.8068 446.55 0.0384 0.3533 0.1701 0.3941 0.4081 0.2078
-0.0616 622.92 -0.3817 472,07 .0.6063 454,43 -0.8098 447.18 0,0403 0.3548 0.1721 0.3943 0.4104 0.2016
-0.0702 579.20 -0.3852 453.89 -0.6093 455.43 -0.8127 447,79 0.0422 0.3633 0.1740 0.3989 0.4126 0,2007
-0.0787 557.39 -0.3888 461.82 -0,6123 454,29 -0.8157 447.86 0,0442 0.3132 0.1760 0.3906 0.4148 0.1937
-0,0873 543.50 -0,3923 461.25 -0.6153 453.62 -0.8187 448.43 0,0461 0.3665 0,1779 0.3898 0.4170 0.2037
-0.0958 520.75 -0.3958 452.12 .0.6183 455.67 -0.8217 448.59 0.0481 0.3622 0.1798 0.3818 0.4192 0.1897
-0.1044 503.11 -0.3993 485.22 -0.6213 456.73 -0,8247 448.84 0.0500 0.3379 0.1818 0.3737 0.4215 0.1972
-0.1130 503.43 -0.4029 443.10 -0.6243 457.21 -0.8277 448.44 0.0519 0.2932 0.1837 0.3797 0,4237 0.2032
-0.1215 483.34 -0.4064 470.93 -0.6273 457.71 -0.8307 449.23 0.0539 0.2696 0.1856 0.3809 0,4259 0.1981
-0.1301 480.23 -0.4099 452,43 -0.6303 454.37 -0.8337 449.17 0.0558 0.2820 0.1876 0.3726 0.4281 0.1919
-0.1386 457.12 .0.4134 469.81 -0,6333 453.68 -0.8367 449.93 0.0577 0.2534 0.1895 0.3610 0.4304 0,1961
-0.1472 460.92 .0.4170 454.44 -0.6362 454.00 -0.8397 451.47 0.0597 0.2589 0.1915 0.3601 0,4326 0.1948
-0.1557 446.49 -0.4205 449,30 .0,6392 455.57 -0.8427 453.11 0.0616 0.2416 0.1934 0.3593 0.4348 0.1930
-0.1643 440.14 -0.4240 464.87 -0.6422 455.76 -0,8457 455.18 0.0636 0.2191 0.1953 0.3499 0.4370 0.1888
.0.1728 450.72 .0.4275 446.36 .0.6452 456.03 -0,8486 456,38 0.0655 0.2212 0,1973 0,3537 0.4392 0.1787
-0.1814 433.65 -0.4310 469.16 -0.6482 458,16 -0.8516 456,87 0.0674 0.2283 0.1992 0.3476 0.4415 0.1800
-0.1899 449.64 -0.4346 455.07 -0.6512 458.12 -0.8546 457.17 0.0694 0.2319 0.2011 0.3455 0.4437 0.1815
-0.1985 435.67 -0.4381 470.12 -0.6542 462.79 -0.8576 457.44 0.0713 0.2216 0.2031 0.3366 0.4459 0.1799
-0.2020 459.89 -0,4416 462,05 -0.6572 465.29 -0.8606 458.53 0.0732 0.2263 0.2050 0.3372 0.4481 0.1743
.0.2055 437.71 -0.4451 457.26 -0.6602 463.04 -0.8636 459.20 0.0752 0.2181 0.2070 0.3288 0.4503 0.1797
-0.2091 429.51 -0.4487 467.81 -0.6632 461.68 -0.8666 460,37 0.0771 0.2050 0.2089 0.3275 0.4526 0.1804

202



Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0,4548 0.1810
0.4570 0.1948
0.4592 0,1994
0.4615 0.1927
0.4637 0.1904
0.4659 0,1738
0.4681 0.1889
0.4703 0.1747
0.4726 0.1785
0.4748 0.1796
0.4770 0.1894
0.4792 0,1730
0.4815 0.1684
0.4837 0,1814
0.4859 0.1766
0.4881 0.1715
0.4903 0.1756
0.4926 0.1620
0.4948 0,1564
0.4970 0.1625
0.4992 0.1678
0.5015 0.1690
0,5037 0,1579
0.5059 0.1556
0.5081 0.1693
0.5103 0.1598
0.5126 0.1541
0.5148 0.1624
0.5170 0.1626
0,5192 0.1594
0,5215 0.1606
0.5237 0.1674
0,5259 0,1622
0.5281 0.1533
0.5303 0,1475 0.6814 0.0713
0.5326 0,1559
0.5348 0.1610
0.5370 0,1496
0.5392 0.1509
0.5415 0,1464
0,5437 0.1492
0.5459 0.1520
0,5481 0.1465
0.5503 0.1560
0.5526 0.1489
0.5548 0,1450
0.5570 0,1522
0.5592 0.1472
0.5615 0.1478
0.5637 0.1474
0.5659 0.1448
0,5681 0.1483
0.5703 0.1483
0.5726 0.1402
0.5748 0.1375
0.5770 0.1413
0.5792 0.1325
0.5815 0.1443

0.6059 0.1231 0.7570 0.0794
0.6081 0.1287 0.7592 0.0881
0.6103 0.1277 0.7614 0.0800
0.6126 0.1336 0,7637 0.0782
0.6148 0.1395 0.7659 0,0793
0.6170 0.1327 0.7681 0,0739
0.6192 0.1252 0.7703 0,0602
0,6215 0.1272 0,7726 0.0606
0.6237 0.1283 0.7748 0.0695
0,6259 0,1321 0,7770 0,0608
0.6281 0,1279 0.7792 0.0795
0.6303 0.1188 0.7814 0,0768

0.9081 0,0463 -0,2689 0.1443 -0.5085 0.0966 -0.7200 0.0451
0.9103 0.0513 -0,2724 0.1467 -0.5120 0.0916 -0.7230 0,0487
0.9126 0.0495 -0.2760 0.1563 -0.5156 0.0776 --0.7259 0.0426
0.9148 0.0494 -0.2795 0.1504 -0.5191 0.0904 -0.7289 0.0414
0.9170 0.0489 .-0,2830 0.1570 -0.5226 0.0799 -0.7319 0.0380
0,9192 0.0544 -0.2865 0,1597 -0.5261 0.0842 -0.7349 0.0414
0.9214 0.0545 -0.2901 0.1678 -0.5297 0,0759 -0.7379 0.0390
0.9237 0.0565 -0.2936 0.1688 -0.5332 0.0806 -0.7409 0.0295
0.9259 0.0563 -0.2971 0.1768 .0.5367 0.0833 -0,7439 0.0275
0.9281 0.0565 -0.3006 0,1675 -0.5402 0.0668 -0,7469 0.0262
0.9303 0.0539 -0.3041 0.1815 -0.5438 0.0678 -0.7499 0.0283
0.9325 0.0499 -0.3077 0.1718 -0.5473 0,0716 .0.7529 0.0213

0,6326 0,1228 0.7837 0,0675
0.6348 0.1214
0,6370 0.1068
0.6392 0.1099
0.6415 0.1133
0.6437 0.1168
0.6459 0,1087
0.6481 0.1190
0.65O3 0.1194
0.6526 0.1128
0.6548 0.0924
0.6570 0.0924
0.6592 0,0897
0.6615 0.0841
0.6637 0,0899
0.6659 0.0774
0.6681 0.0794
0.6703 0.0806
0.6726 0.0852
0.6748 0,0755

0.9348 0,0524 -0.3112 0.1695 -0.5508 0,0687 .0,7559 0,0178
0.7859 0.0635 0.9370 0.0575 -0.3147 0.1738 .-0.5543 0.0700 -0.7588 0.0158
0.7881 0.0662 0.9392 0.0600 .0.3182 0.1613 -0.5579 0,0715 .0.7618 0.0173
0.7903 0.0611 0.9414 0.0620 ..0.3218 0.1700 .0.5614 0.0660 .0.7648 0.0196
0.7926 0.0677 0.9437 0.0602 .0.3253 0,1595 .0.5644 0,0787 -0.7678 0.0199
0.7948 0.0775 0.9459 0.0563 -0,3288 0,1576 -0.5674 0.0788 .0.7708 0.0166
0.7970 0,0786 0.9481 0.0561 .0,3323 0.1549 -0.5704 0.0815 -0.7738 0.0190
0.7992 0,0628 0.9503 0.0454 -0.3359 0.1497 -0.5734 0.0785 -0.7768 0.0178
0.8014 0.0737 0.9525 0.0534 -0.3394 "0.1516 -0.5764 0.0756 -0,7798 0.0159
0.8037 0,0695 0.9548 0.0600 -0.3429 0.1493 -0.5794 0.0775 -0,7828 0.0117
0.8059 0.0625 0.9570 0.0571 -013464 0.1560 -0.5823 0.0801 -0.7858 0.0113
0.8081 0.0760 0.9592 0.0556 -0.3500 0.1449 -0.5853 0,0822 .0.7888 0.0123
0.8103 0.0713 .0.3535 0.1478 -0.5883 0.0770 -0,7918 0.0113
0.8126 0.0718 X/PL tl .0.3570 0.1466 .0.5913 0.0772 .0.7947 0.0119
0.8148 0.0629 .0,0103 013140 .0,3605 0.1381 .0.5943 0.0757 -0.7977 0.0107
0,8170 0.0679 .0.0188 0,2990 -0.3640 0,1396 -0.5973 0,0688 -0,8007 0.0107
0.8192 0.0718 -0.0274 0.2699 -0.3676 0.1331 -0.6003 0.0680 -0.8037 0.0080
0,8214 0.0648 -0.0359 0.2646 -0,3711 0,1337 -0.6033 0.0698 .0.8067 0.0077
0,8237 0.0693 -0.0445 0.2535 -0.3746 0,1297 .0.6063 0.0710 -0.8097 0.0052
0.8259 0.0670 -0.0530 0.2394 -0.3781 0.1229 -0.6093 0,0709 -0.8127 0.0073

0.6770 0,0832 0.8281 0.0724 -0.0616 0.2179 -0.3817 0.1263 .0.6123 0.0707 .0.8157 0.0067
0.6792 0.0806 0.8303 0.0646 -0.0701 0.2057 -0.3852 0.1201 .0.6153 0.0675 .0.8187 0.0064

0.8326 0.0635 .0.0787 012078 -0.3887 0.1294 -0.6182 0.0709 -0,8217 0,0066

0,6837 0.0622 0.8348 0,0466 -0.0872 0.2134 -0.3922 0.1178 -0.6212 0,0717 -0,8247 0.0061
0.6859 0.0727 0.8370 0.0504 .0.0958 0_2007 -0.3958 0.1363 -0.6242 0.0715 .0.8277 0,0056
0.6881 0.0818 0.8392 0.0585 -0.1044 0.1996 -0.3993 0,1247 -0.6272 0.0719 .0.8306 0.0069
0.6903 0.0828 0.8414 0,0646 -0.1129 0,2046 -0.4028 0.1147 -0.6302 0,0663 -0,8336 0.0071
0.6926 0.0771 0.8437 0.0570 .-0.1215 0.1971 -0.4063 0.1155 -0.6332 0.0648 -0,8366 0.0090
0.6948 0.0839 0.8459 0.0525 -0.1300 0.1852 -0.4099 0.1158 -0.6362 0.0642 -0,8396 0.0091
0,6970 0.0816 0.8481 0.0560 -0.1386 0.1749 -0.4134 0.1327 -0.6392 0.0620 .0.8426 0.0081
0.6992 0.0727 0.8503 0.0565 -011471 0.1844 -0,4169 0.1066 -0.6422 0.0648 -0.8456 0.0077
0.7014 0.0789 0.8526 0.0617 -0.1557 0.1725 -0.4204 0.1225 -0.6452 0.0644 -0.8486 0.0125
0.7037 0.0873 0.8548 0.066i -0.1642 0.1792 -0.4240 0,1125 -0.6482 0.0664 -0.8516 0.0116
0.7059 0.0905 0.8570 0.0652 -011728 0,1750 -0.4275 0,1151 .0.6512 0.0643 -0,8546 0.0099
0.7081 0.0892 0.8592 0.0721 -0,18i3 0.1767 .0.4310 0.1173 .0.6541 0.0727 .0.8576 0.0108
0.7103 0.0848 0.8614 0.0641 .0.1899 0.1769 -0.4345 0.1100 .0.6571 0.0764 -0.8606 0.0124
0.7126 0.0810 0.8637 0.0684 -0.1984_=0.1767 :_-014380 0_1197 -0,6601 0.0747 -0.8636 0,0167
0.7148 0.0874 0.8659 0.0635 -0.2020 0.1790 -0,4416 0.1005 -0.6631 0.0703 -0,8665 0.0141
0.7170 0.0833 0.8681 0.0656 .0.2055 0.1823 -0.4451 0.1135 -0.6661 0.0696 .0.8695 0.0119
0.7192 0.0833 0.8703 0.0711 .0.20(X] 0.1905 -0,4486 0.1070 .0.6691 0.0663 -0.8725 0,0126
0.7214 0.0758 0.8726 0.0675 -0.2125 011854 -0,4521 0,1085 .0,6721 0,0703 -0.8755 0.0113
0.7237 0.0727 0.8748 0.0668 .0.2161 0.1896 -0.4587 0,1149 .0.6751 0.0729 .0.8785 0.0098
0.7259 0,0882 0.8770 0.0590 .0.2196 0_1931 -0.4592 0.1085 ..0.6781 0.0702 .0,8815 0.0123
0.7281 0.0850 0,8792 0.0584 .0,2231 0,1918 -0.4627 0.1096 -0.6811 0.0657 -0.8845 0.0113
0.7303 0.0840 0,8814 0,0612 -0.2266 0,1818 -0.4662 0.0945 -0.6841 0.0670 -0.8875 0.0106
0,7326 0.0825 0.8837 0,0518 -0123020.1697 -0,4698 0.1078 -0.6871 0.0652 -0.8905 0.0113

0,5837 0.1340
0.5859 0,1343
0.5881 0.1294
0.5903 0,1353
0.5926 0.1320
0.5948 0,1258
0.5970 0.1236
0.5992 0.1227
0.6015 0.1353
0.6037 0.1227

0,7348 0.0718 0.8859 0.0422 -012337 0.1751 .0.4733 0.0917 .0.6900 0.0694 -0.8935 0,0155
0.7370 0.0876 0.8881 0,0428 .0.2372 0.1602 .0.4768 0.1087 .0.6930 0.0754 -0.8965 0.0185
0.7392 0.0792 0,8903 0.0423 -0.2407 0.1627 -0,4803 0.0995 .0.6960 0.0742 .0.8995 0.0191
0.7414 0,0807 0.8926 0.0395 -0124Zi2. CLi549 -0.4839 0,0936 -0.6990 0.0756 -0.9024 0.0213
0.7437 0.0684 0.8948 0.0410 -0.2475 0_1524 -0.4874 0.0889 -0.7020 0.0703 -0.9054 0.0186
0.7459 0.0788 0.8970 0.0447 -0.2513 0.1529 -0.4909 0.0856 -0.7050 0.5618 -0.9084 0,0246
0.7481 0.0908 0.8992 0.0424 -0.2_ 0.1452= -0,4944 0.0943 .0.7080 0.0605 -0.9114 0,0277
0.7503 0.1041 0,9014 0.0461 -0.2583 0.1498 -0,4979 0.0889 -0.7110 0.0572 -0.9144 0.0251
0.7526 0.0835 0,9037 0,0398 -0.2619 0.1455 -0.5015 0.1034 -0.7140 0.0546 -0.9174 0.0240
0.7548 0.0838 0,9059 0.0468 -0,2654 0.1475 -0.5050 0.0950 -0,7170 0,0539 -0.9204 0.0209

203



Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.9234 0.0185 0.1139 576.30 0.2525 636.86 0.4947 853.34 0,6458 824.06 0.7969 705.08 0.9481 958.82
-0.9264 0.0253 0.1158 567.02 0.2557 637.62 0.4970 853.82 0.6481 820.59 0.7992 715.58 0.9503 972.52
-0.9294 0.0275 0.1178 574.55 0.2589 640.02 0.4992 849.57 0.6503 824.35 0.8014 716.31 0.9525 993.96
•-0.9324 0.0240 0.1197 581.73 0.2621 644.56 0.5014 856.02 0.6525 814.43 0.8036 714.80 0.9547 1021.08
.0,9353 0.0262 0.1216 581.79 0.2653 654.52 0.5036 855,63 0.6547 815.56 0.8058 716.19 0.9569 1080,22
-0.9383 0.0293 0,1236 571,07 0,2685 667.91 0.,5059 861.37 0.6570 811.26 0,8081 711.18 0.9592 1157.05
-0.9413 0.0297 0.1255 566,82 0.2717 667.32 0.5081 865,46 0.6592 807.33 0,8103 709.18

-0,9443 0.0305 0.1275 572.31 0.2749 659.59 0.5103 867,19 0.6614 807.15 0.8125 712,13 X/PL Nu
-0.9473 0,0276 0,1294 580.62 0.2781 669.85 0,5125 876.24 0.6636 804.46 0.8147 716.14 -0.0103 1102.53
-0.9503 0.0250 0.1313 586,44 0.2813 769.96 0.5147 872,80 0,6658 807.38 0.8169 715.73 -0.0189 905.35
-0.9533 0.0280 0.1333 592.50 0.2845 837.50 0.5170 877.71 0.6681 798.85 0.8192 711.22 -0.0274 873.73
-0.9563 0,0350 0.1382 618.99 0.2877 710.60 0.5192 881.96 0.6703 802,12 0.8214 712.17 -0.0360 830.62
-0.9593 0.0414 0,1371 662.44 0.2909 687.47 0.5214 886.60 0.6725 799.24 0.8236 711.29 -0.0445 751.23
-0.9623 0.0367 0.1391 651.98 0.2941 677.29 0.5236 881,77 0.6747 795.14 0.8258 719.18 -0.0531 681.38
-0.9653 0.0320 0.1410 615.81 0.2973 850.82 0.5259 882.30 0.6770 79t.52 0.8281 714.74 -0.0616 662.36
-0,9683 0.0274 0.1430 610.97 0.3005 859.61 0.5281 891,47 0.6792 788.22 0.8303 710.52 -0.0702 645.05
-0.9712 0.0216 0.1449 634.93 0.3037 869.32 0.5303 895.15 0.6814 798.67 0.8325 714.79 -0.0787 619.04
-0.9742 0.0155 0.1468 701.51 0.3069 769.35 0.5325 893.11 0.6836 794.01 0.8347 719.53 -0.0873 599.36
.0.9772 0.0185 0,1488 755,64 0.3836 793.07 0.5347 905,44 0.6858 789.96 0.8369 715.58 .0.0958 588.92
-0.9802 0.0208 0.1507 737.03 0.3859 793.93 0.5370 910.32 0.6881 784.14 0.8392 724.96 -0.1044 557.00
-0.9832 0.0179 0.1526 718,46 0.3881 796.61 0.5392 906.30 0.6903 785.37 0.8414 722.11 -0.1130 556.18
.0.9862 0.0136 0.1546 692,23 0.3903 795,95 0.5414 916.58 0.6925 778.24 0.8436 731.69 -0,1215 532.89
-0.9892 0.0074 0.1565 696.91 0.3925 795.57 0.5436 918.63 0.6947 778.09 0.8458 732.85 -0.1301 530.37
-0.9922 0.0107 0.1585 683.56 0.3947 800.07 0.5459 925.36 0.6970 776.23 0.8481 728,43 -0.1386 510.82

0,1604 674.83 0.3970 800.52 0.5481 917.08 0.6992 766.62 0.8503 724.29 -0.1472 506.71
0.1623 663.15 0.3992 804.61 0..5.503 920,55 0.7014 767.90 0.8525 731.14 -0.1557 494.73

CASEV-N_ 0.1643 658.35 0.4014 806.21 0.5525 927.07 0.7036 765.08 0.8547 738.21 -0.1643 481.78
0.1662 658.18 0.4036 799.55 0.5547 921.91 0.7058 772.16 0.8569 740.21 .0.1728 490.45

XISL Nu 0.1682 656.20 0.4059 803.96 0.55"70 931.24 0.708i 768.76 0.8592 739.21 -0.1814 475.03
0.0383 1031.63 0.1701 658.13 0.4081 804.51 0.5592 935.95 0.7103 765.21 0,8614 743.64 .0.1899 480.59
0,0403 1008,53 0,1720 662.82 0.4103 806.04 0.5614 931,53 0,7125 765.89 0.8636 747.26 -0.1985 470.40
0.0422 973,27 0.1740 659.37 0.4125 798.98 0.5636 920.92 0.7147 764.58 0.8658 746,25 -0.2020 471,73
0,0441 935.38 0,1759 662,72 0.4147 801.08 0,_x58 922.47 0.7170 765.22 0.8681 744.48 -0.2055 461.42
0.0461 880.33 0.1778 661.88 0,4170 805.73 0.5681 935.22 0.7192 761.63 0.8703 752.47 .0,2091 448.32
0.0480 854,69 0.1798 662.98 0.4192 804.78 0.5703 931.69 0.7214 758.53 0.8725 756.83 -0.2126 448,08
0.0499 833.61 0.1817 661.56 0.4214 808,12 0.5725 923.92 0.7236 753.96 0,8747 757.28 -0.2161 432.56
0,0519 805.13 0.1837 663,66 0.4236 808.49 0.5747 912.68 0.7258 750.55 0.8769 759,89 -0.2196 448.37
0,0538 779.82 0.1856 663.91 0.4259 803.64 0.5770 913.12 0.7281 742.26 0.8792 758.90 -0.2232 418.50
0.0558 777.17 0.1875 658.11 0.4281 807.46 0.5792 913.25 0.7303 748.85 0.8814 773.00 -0.2267 425.96

0.0577 761.98 0.1895 654.07 0.4303 810,96 0.5814 912.59 0.7325 740.26 0.8836 776.80 -0.2302 422.75
0.0596 742.15 0.1914 653,68 0.4325 803.19 0.5836 900.31 0.7347 734.54 0,8858 780.17 -0.2337 420.69
0.0616 744.44 0,1933 659,39 0.4347 8i3.87 0.5858 899.09 0.7370 738.61 0.8881 781,87 -0.2372 432.51
0.0635 722.92 0,1953 660.76 0.4370 825.99 0.5881 902.89 0.7392 732.45 0.8903 788.71 -0,2408 414.77
0.0654 714,44 0.1972 658.57 0.4392 823.81 0.5903 900.11 0.7414 734.64 0.8925 794.68 -0.2443 440.00
0.0674 716,80 0.1992 653.07 0.4414 826.87 0.5925 892.35 0,7436 731.00 0.8947 792.59 -0.2478 430.07
0.0693 701,56 0.2011 657,13 0,4436 816,90 0.5947 882,69 0.7458 727.86 0.8969 797.25 -0.2513 444.97
0,0713 697.57 0.2030 655.93 0.4459 820,48 0.5970 886.51 0.7481 731.50 0,8992 804.92 -0,2549 440.54
0.0732 694.94 0.2050 649,14 0.4481 821.81 0.5992 890.80 0.7503 732.39 0.9014 804.37 .0.2584 445.22
0.0751 693.81 0.2069 650.16 0.4503 827.65 0.6014 881,72 0.7525 726,06 0.9036 802,72 -0.2619 459.84
0.0771 691.22 0,2088 650.52 0.4525 821.93 0.6036 873.02 0.7547 715.71 0.9058 813.06 -0.2654 452.72
0.0790 683.56 0,2108 657.21 0.4547 821.38 0,6058 869.27 0,7570 719,72 0.9081 817.99 .0.2690 473.88
0.0810 681.47 0.2127 650.06 0,4570 823.47 0.6081 875.97 0,7592 719.99 0.9103 824.75 -0.2725 464.12
0.0829 675.23 0.2147 645.18 0.4592 831,30 0.6103 874.05 0.7614 718.70 0,9125 827.45 -0.2760 482.85
0.0848 655.76 0.2166 643.85 0.4614 828.58 0.6125 870.27 0.7636 717.94 0.9147 831.09 -0.2795 477.54
0.0868 650.27 0.2185 642.53 0.4636 828.48 0.6147 864.74 0.7658 715.67 0,9169 837.89 -0.2831 478.44
0.0887 645.33 0,2205 642.66 0.4659 834.41 0,6170 863.14 0.7681 715.62 0.9192 842.88 -0.2866 477.20
0.0906 641.51 0.2224 638.36 0.4681 838.08 0.6192 861.22 0.7703 713.73 0.9214 848.55 -0.2901 459.65
0.0926 630.19 0.2243 627.77 0,4703 830.43 0.6214 851.75 0.7725 710.67 0.9236 858.26 -0.2936 468.28
0.0945 619,33 0.2263 624,46 0.4725 828.04 0.6236 847,41 0.7747 708.54 0.9258 863.28 -0.2971 449,31
0.0965 619.52 0.2282 627.44 0.4747 837.10 0.6258 844.90 0.7770 711.33 0.9281 868.23 -0.3007 475.65
0.0984 614.29 0.2302 625.04 0.4770 842.15 0.6281 851.22 0.7792 712.59 0.9303 881.86 -0.3042 480.65
0,1003 600,66 0.2302 623.37 0.4792 846.11 0.6303 836.71 0,7814 707,63 0.9325 891.23 -0,3077 458.47
0.1023 593.70 0.2334 622.67 0,4814 848,27 0,6325 832.71 0.7836 718.02 0.9347 900.70 -O.3112 452.04
0.1042 589,72 0,2366 626.28 0.4836 828.90 0,6347 836.44 0.7858 712.99 0.9369 917,14 -0.3148 442.04
0.1061 584.54 0,2398 629.18 0.4859 835.75 0.6370 833.03 0.7881 713.85 0,9392 919.65 -0,3183 460.46
0.1081 580,85 0.2430 629.04 0.4881 842.54 0.6392 831.63 0,7903 704.90 0,9414 927.65 -O.3218 431.99
0,1100 586.17 0.2461 633,82 0.4903 847.48 0.6414 824.97 0.7925 707.22 0.9436 934.11 -0.3253 451.14
0.1120 591.23 0.2493 633.6i 0,4925 847.20 0.6436 824,95 0.7947 709,04 0.9458 946.38 -0,3289 432.62
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Appendix7.2- DataforSpanwiseAveragedNusseltNumberandFilmCoolingEffectiveness

-0.3324 447.03 -0.5720 443.67 -0.7739 441.94 -0.9773 589.50 0.1488 0.4320 0.3837 0.2449 0.5348 0.1865
-0.3359 445.25 -0.5755 44t.58 -0.7768 440.14 -0.9803 598.64 0.1508 0.4472 0.3859 0.2456 0.5370 0.1836
-0.3394 427,36 -0.5734 439.20 -0.7798 439.79 -0.9833 606.44 0.1527 0.4507 0.3881 0.2502 0.5392 0,1790
-0.3430 446.84 -0,5794 436.16 -0.7828 438.9i -0.9863 614.79 0.1546 0.4567 0.3904 0.2469 0.5415 0.1803
-0.3465 426.69 -0.5824 436.55 -0,7858 439.12 -0.9892 620.35 0, t566 0.4713 0.3926 0,2428 0.5437 0,1723
-0.3500 455.56 -0.5854 438,06 43,7888 438.11 -0.9922 629.76 0.1585 0.4702 0.3948 0.2441 0.5459 0.1756
-0.3535 431,47 -0.5884 440.32 -0,7918 438.57 0.1605 0.4744 0.3970 0.2463 0.5481 0.1704
-0,3571 440.92 -0.5914 442.49 -0.7948 438.67 0.1624 0.4770 0.3992 0.2464 0.5503 0,1687
-0.3606 441.43 -0.5944 441,86 -0.7978 438.24 CASEV-rl 0.1643 0,4757 0.4015 0.2472 0.5526 0.1651
-0.3641 442.94 -0.5974 439.86 -0.8008 437.88 0.1663 0.4729 0.4037 0.2423 0.5548 0,1591
-0.3676 452.14 -0.6003 442.16 -0.8038 437.05 X/SL 11 0.1682 0.4667 0.4059 0,2455 0.5570 0.1631
-0.3711 432.10 -0.6033 443,19 -0.8068 436.97 0.0384 0.3907 0.1701 0.4586 0.4081 0.2406 0,5592 0.1626
-0.3747 450,30 -0.6063 444.76 -0.8098 437.39 0.0403 0.3605 0,1721 0.4583 0.4104 0.2526 0.5615 0.1567
-0.3782 430.15 -0.6093 446.12 -0.8127 437.65 0.0422 0.3651 0.1740 0.4576 0.4126 0.2435 0,5637 0.1544
-0.3817 445.85 -0.6123 445.35 -0.8157 437.54 0.0442 0.3121 0,1760 0.4536 0.4148 0.2518 0.5659 0.1543
-0.3852 443.08 -0.6153 445,08 -0.8187 437.86 0.0461 0.3787 0.1779 0.4484 0.4170 0.2551 0,5681 0.1594
-0.3888 435.73 -0.6183 447.41 -0.8217 437.72 0,0481 0.3670 0.1798 0.4341 0.4192 0,2505 0.5703 0.1549
-0.3923 442.46 -0.6213 448.83 -0.8247 437,77 0.0500 0.3461 0.1818 0.4237 0.4215 0.2557 0.5726 0.1513
-0.3958 426.70 -0,6243 449.64 -0.8277 437,06 0.0519 0.3083 0.1837 0,4212 0.4237 0.2591 0.5748 0.1539
-0.3993 444.09 -0.6273 450.45 -0.8307 437.55 0.0539 0.2903 0,1856 0,4214 0.4259 0.2480 0.5770 0.1446
-0.4029 426.83 -0.6303 447.58 -0.8337 437.29 0.0558 0.2730 0.1876 0.4079 0.4281 0.2498 0.5792 0.1476
-0.4064 445.81 -0.6333 447.20 -0.8367 437.78 0.0577 0.2502 0.1895 0.4027 0.4304 0.2573 0.5815 0.1425
-0.4099 434,91 -0.6362 447.86 -0.8397 438.99 0.0597 0.2432 0.1915 0.3903 0.4326 0.2565 0.5837 0.1432
-0.4134 432.79 -0.6392 449.74 -0.8427 440.32 0.0616 0.2418 0.1934 0.3810 0.4348 0,2681 0.5859 0.1438
-0.4170 442.44 -0.6422 450.19 -0.8457 442.08 0.0636 0.2002 0.1953 0.3785 0.4370 0.2763 0.5881 0.1366
-0.4205 428,47 -0.6452 450.86 -0.8486 442.98 0.0655 0.1946 0.1973 0.3723 0.4392 0.2656 0.5903 0.1435
-0.4240 440,46 -0.6482 453.32 -0.8516 443.21 0.0674 0.2100 0.1992 0.3611 0.4415 0.2672 0.5926 0.1406
-0.4275 430,11 -0.6512 453.53 -0.8546 443.20 0.0694 0.2080 0.2011 0.3593 0.4437 0.2597 0.5948 0.1336
-0.4310 433.87 -0.6542 458.53 -0,8576 443.22 0.0713 0.1992 0.2031 0.3546 0.4459 0.2653 0.5970 0.1399
-0,4346 441.35 -0.6572 461.34 -0.8606 444,00 0.0732 0.1987 0.2050 0.3472 0.4481 0.2597 0.5992 0.1363
-0,438t 439.40 -0.6602 459.44 -0.8636 444.45 0.0752 0.2005 0.2070 0.3387 0.4503 0.2618 0.6015 0.1295
-0.4416 443.97 -0.6632 458.41 -0,8666 445.30 0.0771 0,1888 0.2089 0,3319 0.4526 0.2649 0.6037 0.1283
-0.445t 432.75 -0.6662 458.15 -0.8696 447.75 0.0791 0.1901 0,2108 0,3325 0.4548 0.2570 0,6059 0.1274
-0,4487 447.30 -0.6692 458.31 -0.8726 447.83 0.0810 0.1900 0.2128 0.3239 0.4570 0.2598 0,6081 0.1258
-0.4522 437.37 -0,6721 459.15 -0.8756 449.75 0.0829 0.1928 0.2147 0.3173 0.4592 0.2709 0.6103 0.1283
-0.4557 441.13 -0.6751 459,36 -0.8786 454.56 0.0849 0.1894 0.2166 0.3168 0.4615 0.2616 0.6126 0.1232
-0.4592 433.51 -0.6781 458.57 -0.8816 457.97 0.0868 0.1896 0.2186 0.3144 0.4637 0.2583 0.6148 0.1167
-0.4628 433.80 -0.6811 459.54 -0.8845 457.30 0.0888 0.1824 0.2205 0.3143 0,4659 0.2603 0.6170 0.1205
-0.4663 439.63 -0.6841 461.29 -0.8875 461.00 0.0907 0.1976 0,2225 0.3083 0.4681 0.2601 0.6192 0.1238
-0.4698 435.41 -0.6871 460.83 -0.8905 463.40 0.0926 0.2017 0.2244 0.3032 0.4703 0.2588 0.6215 0.1172
-0.4733 438.23 -0.6901 459.72 -0.8935 467.30 0.0946 0.1987 0,2263 0.2923 0,4726 0.2477 0.6237 0.1219
-0.4769 436.30 -0.6931 461.12 -0.8965 469,43 0.0965 0.2003 0.2283 0.2926 0.4748 0.2504 0.6259 0.1189
-0.4804 450.85 -0.6961 461.92 -0.8995 470.70 0.0984 0.1951 0.2302 0.2868 0.4770 0.2474 0.6281 0.1205
-0.4839 444.27 -0.6991 466.88 -0.9025 474.09 0.1004 0.1953 0.2302 0.2821 0.4792 0.2538 0.6303 0.1126
-0.4874 445.56 -0.7021 460.59 -0.9055 478.09 0.1023 0.1913 0.2334 0.2955 0.4815 0,2539 0.6326 0.1214
-0.4910 444.17 -0.7051 458.30 -0.9085 480.20 0.1043 0.1931 0.2366 0.2887 0.4837 0.2256 0.6348 0.1203
-0.4945 440.67 -0.7080 456.90 -0.9115 480,04 0.1062 0.1934 0.2398 0.2839 0.4859 0.2229 0.6370 0.1219
-0.4980 455.62 -0.7110 455.96 -0.9145 483.66 0.1081 0.1890 0.2430 0.2825 0,4881 0.2355 0.6392 0.1169
-0.5015 450.29 -0.7140 456.08 -0.9174 486.33 0.1101 0.1890 0.2462 0.2881 0.4903 0.2394 0.6415 0.1138
-0.5050 446.76 -0,7170 454.66 -0.9204 488.96 0.1120 0.2020 0.2494 0.2870 0.4926 0,2291 0.6437 0.1141
-0.5086 443.14 -0.7200 452.75 -0,9234 492.81 0.1139 0.2010 0.2526 0.2890 0,4948 0.2313 0,6459 0.1128
-0.5121 445.66 -0.7230 452.07 -0.9264 500.15 0.1159 0.2145 0.2558 0.2932 0.4970 0.2307 0.6481 0.1119
-0.5156 444.15 -0,7260 449,05 -0.9294 505.63 0.1178 0.1909 0.2590 0.3041 0.4992 0.2210 0.6503 0.1186
-0.5191 447.12 -0.7290 448.97 -0.9324 507.86 0.1198 0.1917 0.2622 0.3047 0.5015 0.2200 0.6526 0.1170
-0.5227 447.52 -0.7320 450.04 -0.9354 511.51 0.1217 0.2083 0.2654 0.3131 0.5037 0.2116 0.6548 0,1157
-0.5262 448.09 -0.7350 451.97 -0.9384 519.15 0,1236 0.2102 0.2686 0.3229 0.5059 0.2138 0.6570 0.1187
-0.5297 453.71 -0.7380 448.46 -0.9414 524.50 0.1256 0.2067 0.2718 0.3485 0.5081 0.2120 0.6592 0.1131
-0.5332 453.06 -0.7409 447.16 -0.9444 528.96 0.1275 0.2088 0.2750 0.3752 0.5103 0.2160 0.6615 0.1221
-0.5368 452.51 -0.7439 446,55 -0.9474 533.29 0.1294 0.2159 0.2782 0.3872 0.5126 0.2200 0.6637 0.1161
-0.5403 451.23 -0.7469 444.46 -0.9504 537.52 0.1314 0.2337 0.2814 0.4275 0.5148 0.2095 0.6659 0.1161
-0.5438 454.14 -0.7499 445.73 -0.9533 544.37 0.1333 0.2472 0.2846 0.4785 0.5170 0.2175 0,6681 0,1248
-0.5473 455.62 -0.7529 443.75 -0.9563 551.60 0.1353 0.2567 0.2878 0.4877 0.5192 0,2059 0.6703 0.1327
-0.5509 455.78 -0.7559 442.71 -0.9593 558.45 0.1372 0.3017 0.2910 0.4848 0.5215 0.2027 0.6726 0.1280
-0.5544 453,17 -0.7589 441.22 -0.9623 562.62 0.1391 0.3521 0.2942 0.4804 0,5237 0.1924 0.6748 0.1254
-0,5579 451.61 -0.7619 441.93 -0.9653 567.40 0.1411 0.3583 0.2974 0.4855 0.5259 0.1963 0.6770 0.1324
-0.5614 449.09 -0.7649 442.46 -0.9683 572.54 0.1430 0.3574 0.3006 0.4421 0.5281 0.2024 0.6792 0.1357
-0.5649 449,18 -0.7679 442.11 -0.9713 577.17 0.1449 0.3699 0.3038 0.4001 0.5303 0.1955 0.6814 0.1391
-0.5685 444.91 -0,7709 441.97 -0.9743 580.80 0.1469 0.3928 0.3069 0.3801 0.5326 0.1797 0.6837 0.1499

205



Appendix 7.2 - Data for Spanwlse Averaged Nusselt Number and Film Cooling Effectiveness

0.6859 0.1337 0.8370 0,0936 -0,0958 0.3129 -0.3958 0.1911 -0.6093 0.1157 -0.8127 0,0650 0.0422 852.78
0.6881 0.1339 0.8392 0,1047 -0.1044 0.2825 -0,3993 0,1891 -0.6123 0.1130 -0.8157 0.0654 0.0442 821,36
0.6903 0.1351 0.8414 0.0968 -0.1129 0.2775 -0.4028 0.1845 -0.61,53 0.1094 -0.8187 0.0673 0.0461 846.40
0.6926 0.1309 0.8437 0,1011 -0.1215 0.2639 -0.4063 0.1946 -0.6182 0.1135 -0.8217 0.0646 0,0481 953.57
0.6948 0.1324 0.8459 0.0948 -0,1300 0.2503 -0.4099 0.1923 -0,6212 0.1174 -0.8247 0.0615 0.0500 1032,14
0.6970 0.1398 0.8481 0.0975 -0.1386 0.2555 -0,4134 0.1833 -0.6242 0.1133 -0.8277 0,0573 0.0519 1025.47
0.6992 0.1293 0.8503 0.0890 -0.1471 0.2573 -0.4169 0.1936 -0.6272 0.1126 -0.8306 0,0573 0.0539 997.30
0.7014 0,1264 0.8526 0.0846 -0,1557 0.2636 -0,4204 0.1715 -0.6302 0.1092 -0.8336 0.0581 0.0558 967,28
0.7037 0.1227 0.8548 0.0866 -0.1642 0.2526 -0.4240 0.1827 -0.6332 0.1051 -0.8366 0.0606 0.0577 924.60
0.7059 0.1287 0.8570 0.0871 -0.1728 0.2554 -0.4275 0.1792 -0.6362 0.1038 -0.8396 0.0599 0.0597 923.80
0.7081 0.1331 0,8592 0.0856 -0,1813 0.2531 -0,4310 0.1757 -0.6392 0.1046 -0,8426 0.0584 0.0616 907,44
0.7103 0.1360 0,8614 0,0811 -0,1899 0.2478 -0.4345 0,1871 -0.6422 0.1024 -0,8456 0.0584 0.0636 913.38
0.7126 0.1384 0.8637 0.0881 -0.1984 0.2538 -0,4380 0,1799 -0.6452 0.0988 -0.8486 0.0586 0,0655 909.09
0.7148 0,1471 0.8659 0.0868 -0,2020 0.2516 -0.4416 0.1814 -0.6482 0.1040 -0.8516 0.0554 0.0674 899.75
0.7170 0.1398 0,8681 0,0800 -0,2055 0.2618 -0,4451 0.1692 -0.6512 0.0965 -0,8546 0.0537 0.0694 885,65
0.7192 0.1447 0.8703 0.0839 -012090 0.2637 -0,4486 0. i833 -0,_1 0.1046 -0.8576 0.0511 0.0713 862.52
0.7214 0.1228 0,8726 0.0826 -0.2125 0.2727 -0.4521 0.1718 -0.6571 0.1111 -0,8606 0.0507 0.0732 848.05
0.7237 0,1202 0.8748 0,0788 -0.2161 0.2671 -0,4557 0.1667 -0.6601 0.1030 -0.8636 0.0484 0,0752 845.81
0.7259 0.1267 0.8770 0.0790 -0,2196 0.2628 -0.4592 0.1601 -0.663t 0.1031 -0.8665 0.0500 0.0771 840.55
0.7281 0.1123 0.8792 0,0723 -0.2231 0.2615 -0,4627 0.1626 -0.6661 0.1004 -0.8695 0,0557 0.0791 824.57
0.7303 0,1263 0.8814 0.0860 -0.2266 0.2682 -0.4662 0.1713 -0.6691 0.0982 -0.8725 0.0554 0,0810 822.80
0.7326 0.1165 0,8837 0,0804 -0.2302 0.2768 -0.4698 0.1582 -0.6721 0.0981 -0.8755 0.0575 0.0829 813,31
0,7348 0,1131 0.8859 0.0813 -0.2337 0.2549 -0.4717 0.1607 -0.6751 0.0991 -0.8785 0.0645 0.0849 799,11
0.7370 0.1151 0.8881 0.0783 -0.2372 0.2584 -0.4747 0.1656 -0.6781 0.1000 -0.8815 0.0687 0.0868 784,52
0.7392 0.1106 0.8903 0.0714 -0,2407 0.2461 -0.4776 0.1730 -0.6811 0,1007 -0.8845 0.0644 0.0888 773.38
0,7414 0.1246 0,8926 0,0721 -0.2442 0.2354 -0.4806 0,1674 -0.6841 0.1037 -:0.8875 0.0670 0.0907 764,14
0.743,7 0.1194 0.8948 0.0619 -0.2478 iJ_23,'._ -0.4836 0.1740 -016871 0A039 --0.8;_)05 0.0655 0.0_6 749.11
0.7459 0.1123 0.8970 0.0602 -0.25i3 0,2326 -0,4866 0.1679 -0.6900 0.0998 -0,8935 0.0662 0.0946 739.14
0.7481 0,1185 0,899"2 0.0662 -0.2548 0.2335 -0.4896 0.i637 -0.6930 0.1011 -0.8965 0,0659 0.0965 730.81
0.7503 0.1266 0.9014 0.0654 -0.2583 0.2225 -0.49"26 0.1561 ..0.6960 0.0966 -0.8995 0.0626 0.0984 722.44
0.7526 0.1221 0,9037 0,0557 -0.2619 0.2242 -0.4956 0.1565 -0.6990 0.1077 -0.9024 0,0642 0.1003 718.23
0.7548 0.t116 0.9059 0.0662 -0.2654 0.2235 -0.4986 0.1545 -0.7020 0.1024 -0.9054 0.0700 0.1023 711.04
0,7570 0.1066 0.9081 0,0623 -0.2689 0.2206 -0.5016 0,1568 -0.7050 0.1010 -0.9084 0.0718 0.1042 695.42
0.7592 0.1098 0.9103 0.0613 -0.2724 0,2265 -0.5046 0,1551 -0.7080 0.1024 -0.9114 0.0678 0.1061 694.59
0.7614 0.1088 0.9126 0,0,574 -0.2760 0.2203 -0,5076 0.1437 -0.7110 0.1039 -0,9144 0,0679 0.1081 694.84
0.7637 0,1170 0.9148 0.0572 -0.2795 0.2281 -0.5106 0.1438 -0,7140 0.1030 -0.9174 0.0650 0.1100 680.82
0.7659 0.1069 0,9170 0.0542 -0.2830 0.2271 -0.5135 0.1434 -0.7170 0.1031 -0.9204 0.0637 0.1120 680,70
0.7681 0,1145 0.9192 0,0498 -0.2865 0.2414 -0,5165 0.1461 -0.7200 0.1014 -0.9234 0.0591 0.1139 692,34
0.7703 0.1108 0.9214 0,0454 -0.290i 0.2476 -0.5195 0.1483 -0,7230 0,1021 -0.9264 0.0590 0.1158 684.22
0.7726 0.1103 0.9237 0.0510 -0.2936 0.2556 -0.5225 0.1520 -0.7259 0.0900 -0.9294 0.0553 0.1178 670,71
0,7748 0.1083 0.9259 0.0444 -0,2971 0.2594 -0,5255 0.1497 -0.7289 0,0874 -0,9324 0.0488 0.1197 666.60
0.7770 0.1151 0,9281 0.0419 -0.3006 0.2560 -0.5285 0.1460 -0.7319 0.0864 -0.9353 0.0402 0,1216 673.37
0.7792 0.1055 0.9303 0.0492 -0.3041 0.2724 .-0.5315 0.1385 -0,7349 0.0904 -0.9383 0.0396 0.1236 680,85
0.7814 0,1032 0.9325 0.0449 -0.3077 0.2602 -0.5345 0.1339 -0.7379 0.0858 -0.9413 0.0344 0.1255 670.71
0.7837 0,1134 0.9348 0.0433 -0.3112 0,2713 -0.5375 0.1308 -0,7409 0.0866 -0.9443 0.0309 0.1275 662.33
0.7859 0,1051 0.9370 0,0384 -0,3147 0.2684 -0.5405 0.1239 -0.7439 0,0868 -0.9473 0.0323 0.1294 660.13
0.7881 0.1046 0,9392 0.0377 -0.3182 0.2599 -0.5435 0.1265 .-0.7469 0.0899 -0.9503 0.0258 0.1313 665,52
0.7903 0.1025 0.9414 0.0485 -0,3218 O.2,S,S,S -0,5465 0.1278 -0.7499 0.0851 -0.9533 0.0282 0.1333 675,62
0.7926 0.1067 0.9437 0.0387 -0.3253 0.2549 -0.5494 0.1211 -0.7529 0.0784 -0.9563 0.0321 0.1352 679.45
0.7948 0.0981 0.9459 0,0362 -0.3288 0,2500 -0.5524 0.1198 -0,7559 0.0765 -0.9593 0,0362 0.1371 694.34
0.7970 0,0946 0.9481 0,0424 -0.3323 0.2497 -0,5554 0,1191 -0.7588 0.0796 -0.9623 0.0370 0.1391 733.35
0,7992 0,1112 0.9503 0.0448 -0.3359 0.2553 -0.5584 0.1238 -0.7618 0.0883 -0.9653 0,0400 0.1410 779.71
0,8014 0.1149 0.9525 0.0462 -0.3394 0,2333 -0.5614 0.1292 -0.7648 010916 -0.9683 0.0388 0.1430 723.25
0.8037 0,1131 0.9548 0.0492 -0.3429 0,2473 -0.5644 0,1310 -0.7678 0.0927 -0.9712 0.0395 0.1449 721.26
0.8059 0,1087 0.9570 0.0525 -0.3464 0.2284 -0.5674 0,1307 -0.7708 0.0908 -0.9742 0,0399 0,1468 729,50
0.8081 0,1068 0.9592 0.0396 -0.3500 0.2387 -0.5704 0,1280 -0.7738 0.0842 -0.9772 0,0455 0.1488 783.36
0.8103 0.1098 -0.3535 0.2264 -0.5734 0.1207 ..0.7768 0.0837 -0,9802 010468 0.1507 878,89
0.8126 0,1131 X/PL 11 -0.3570 0.2227 -0,5764 0.1173 -0.7798 0,0810 -0.9832 0.0419 0.1526 880.24
0.8148 0,1186 -0.0103 0,4339 -0,3605 0.2222 -0.5794 0.1221 -0.7828 0.0768 -0.9862 0.0440 0.1546 850.42
0.8170 0,1122 -0.0188 0,4390 -0.3640 0.2236 -0.5823 0.1149 -0.7858 0.0768 -0,9892 0,0435 0.1565 816.95
0,8192 0.0988 -0.0274 0.4255 -0.3676 0.2314 -0,5853 0,1189 -0.7888 0,0747 -0.9922 0.0499 0.1585 814.30
0.8214 0.1031 -0.0359 0.4042 -0,3711 0.2224 -0,5883 0.1228 -0.7918 0,0733 0.1604 817.29
0.8237 0.1048 -0.0445 0.4226 -0.3746 0.2224 -0.5913 0,1272 -0.7947 0.0742 0,1623 810.17
0,8259 0.1101 -0.0530 0.4130 -0.3781 0,2113 -0.5943 0.1253 -0.7977 0.0747 CAStmW-Ntl 0.1643 806.16
0.8281 0,1020 -0.0616 0,4007 -0.3817 0.2036 -0.5973 0,1169 -0.8007 0.0738 0.1662 792,65
0.8303 0.0924 -0.0701 0.3773 -0.3852 0.2196 -0.6003 0.1144 -0.8037 0.0723 X/SL NU 0.1682 796.84

0.8326 0.0892 -0.0787 0.3554 -0.3887 0.1987 -0.6033 0.1175 -0.8067 0.0657 0.0384 887.21 0.1701 799.51
0.8348 0.0980 -0.0872 0.3303 -0.3922 0.2060 -0.6063 0,1146 -0.8097 0.0669 0.0403 897.93 0.1720 800.91
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.1740 799.40 0.4125 956.95 0.5636 1088.01 0,7147 867,01 0.8658 848.42 -0.2020 530.54 -O.4416 486,18
0.1759 797,57 0,4147 943.99 0.5658 1078.47 0.7170 867.09 0,8681 847,58 -0.2055 520.88 -0.4451 489.36
0.1778 808.45 0.4170 954.42 0.5681 1083.57 0.7192 865.09 0.8703 859.68 -0.2091 514.03 -0.4487 488.60
0,1798 803,91 0.4192 954.55 0,5703 1082,94 0.7214 865.26 0.8725 865.11 -0.2126 507.08 -0,4522 490.63
0.1817 803.38 0.4214 949.71 0.5725 1078.05 0.7236 853.81 0.8747 873,11 -0.2161 500.51 .0,4557 495.76
0.1837 799.40 0.4236 959.62 0.5747 1069.88 0.7258 849,10 0.8769 878.74 -0,2196 503.34 .0.4592 492.16
0.1856 800.86 0.4259 942.59 0.5770 1074,12 0.7281 853.26 0.8792 877.22 -0,2232 483.89 -0.4628 494.66
0.1875 797.13 0.4281 942.05 0.5792 1079.90 0.7303 843.79 0,8814 884.11 -0,2267 490.05 -0.4663 492.72
0.1895 795.39 0.4303 943.69 0,5814 1073,51 0,7325 848.59 0.8836 890,97 -0,2302 471,77 -0,4698 489.50
0,1914 790,30 0.4325 948.75 0,5836 1059,79 0.7347 850.48 0.8858 897.20 -0.2337 491,05 -0.4733 486,50
0.1933 781,24 0.4347 954.04 0,5858 1058,23 0,7370 839.92 0,8881 892.88 -0.2372 481.44 -0,4769 484.72
0,1953 783.91 0.4370 952,14 0.5881 1063,40 0,7392 834.12 0.8903 901.69 .0.2408 483,83 -0.4804 487.21
0.1972 789.64 0,4392 950,99 0.5903 1046.61 0,7414 839.85 0.8925 911.90 .0.2443 494.31 -0.4839 486,14
0.1992 791.81 0.4414 953.42 0.5925 1042,08 0.7436 827.99 0,8947 914,58 -0.2478 485.72 .0.4874 489.67
0,2011 791.49 0.4436 947,09 0.5947 1020.24 0.7458 822,61 0.8969 928.07 .0.2513 510.67 -0.4910 483.32
0,2030 788,66 0.4459 940.41 0,5970 1032,69 0,7481 829.95 0,8992 933,13 -0.2549 494.33 -0.4945 475.09
0.2050 790.48 0.4481 934,02 0.5992 1043.84 0.7503 828,66 0.9014 938,41 -0.2584 514.65 -0.4980 479.18
0.2069 785,35 0.4503 941.30 0.6014 1029.23 0.7525 822,01 0.9036 936.73 -0.2619 518.74 -0.5015 480,82
0,2088 777,37 0.4525 942.40 0.6036 1018,09 0.7547 829.24 0.9058 943,82 -0.2654 523.68 -0.5050 481,11
0.2108 774.33 0.4547 943.20 0.6058 1014,36 0.7570 823.22 0.9081 958,87 -0.2690 541.48 -0.5086 483.91
0.2127 779.85 0.4570 943.61 0.6081 1031.96 0.7592 832,88 0.9103 961.08 -0.2725 535.39 -O.5121 487.63
0.2147 779.44 0.4592 950.57 0.6103 1026.79 0.7614 824.53 0.9125 968,14 -0.2760 560.64 -0.5156 480.65
0.2166 774.72 0.4614 952.79 0.6125 1017,95 0.7636 822.19 0.9147 973,05 -0,2795 541.24 -0.5191 474.90
0.2185 763,82 0.4636 955.60 0,6147 999,50 0,7658 818.96 0.9169 983,46 -0.2831 565.96 .0.5227 474,09
0.2205 758.43 0,4659 959.98 0.6170 1003,20 0.7681 836.69 0,9192 991.57 .0.2866 549.34 .0.5262 473.16
0.2224 758.31 0.4681 953.75 0.6192 1003.19 0.7703 823.18 0.9214 1002.78 -0.2901 548.56 .0.5297 476.10
0.2243 762.37 0.4703 949.95 0.6214 989.97 0.7725 825.06 0.9236 1011.93 -0.2936 552.51 -0.5332 477.17
0.2263 757.04 0.4725 959,27 0.6236 981,34 0.774"/ 819.95 0.9258 1022.01 -0,2971 538.77 -0.5368 478.93
0.2282 747.01 0.4747 961.74 0.6258 987,55 0.7770 820.99 0.9281 1032.23 -0,3007 562.54 -0.5403 477.52
0.2302 740.66 0.4770 955.40 0.6281 992.01 0.7792 836.08 0.9303 1038.08 -0,3042 554,69 -0,5438 475.14
0.2302 736,47 0.4792 949.68 0.6303 980.17 0.7814 822,18 0.9325 1050.58 -0.3077 587.53 -0,5473 474.38
0.2334 734.47 0.4814 959,64 0.6325 976.55 0,7836 824.62 0.9347 1065.35 -0.3112 523,27 -0.5509 476.67
0.2366 735.38 0.4836 968.35 0,6347 971.70 0,7858 817.77 0,9369 1088.03 -0.3148 525,78 -0.5544 478,09
0.2398 733,03 0.4859 974,58 0.6370 963,99 0.7881 816.36 0.9392 1096.10 -0.3183 536,03 -0.5579 478.31
0.2430 732.79 0.4881 977,43 0,6392 967.89 0.7903 812.51 0.9414 1095.58 -0.3218 513.98 .0.5614 479.37
0.2461 731.02 0.4903 974.75 0.6414 954.67 0,7925 810,33 0.9436 1105.44 .0.3253 525.16 -0.5649 479.21
0.2493 733.66 0.4925 985.85 0.6436 958.21 0.7947 822.46 0.9458 1123.35 -0.3289 499.04 -0.5685 477,79
0.2525 735.89 0.4947 983,08 0.6458 955.89 0.7969 817.79 0.9481 1139.08 -0.3324 523.40 -0.5720 476.23
0.2557 731,22 0.4970 982,19 0.6481 958,64 0.7992 816,15 0.9503 1146.85 -0.3359 509.70 -0,5755 476.47
0.2589 736,13 0.4992 983.33 0.6503 942.27 0.8014 815.90 0,9525 1172.99 -0,3394 507.70 -0.5764 484.14
0.2621 739,79 0,5014 994.63 0.6525 925.61 0.8036 818,94 0.9547 1211.09 -0.3430 510.27 -0.5794 490,35
0,2653 744.45 0,5036 997,90 0.6547 936.75 0.8058 824.86 0.9569 1307.84 -0,3465 488,17 -0.5824 497.31
0.2685 760.79 0.5059 998.38 0.6570 936,05 0,8081 817.62 0.9592 1418.33 -0.3500 513,79 -0,5854 488.41
0,2717 767,70 0.5081 1001.54 0.6592 937.29 0,8103 818.13 -0,3535 481,74 -0.5884 479.23
0.2749 782.66 0.5103 1001.66 0,6614 925.82 0.8125 819.39 X/PL Nu -0.3571 505,79 -0.5914 477.76
0.2781 768.57 0.5125 1006.18 0.6636 932.56 0,8147 822,42 -0.0103 1341,97 -0,3606 489.94 -0.5944 481.13
0.2813 786.94 0,5147 1008.49 0.6658 922,99 0,8169 817,61 -0.0188 1284.11 -0.3641 498.35 .0.5974 492.87
0.2845 855.91 0.5170 1008,50 0,6681 918,36 0.8192 819.88 -0.0274 1197.03 .0.3676 475.05 -0,6003 496,01
0.2877 893,05 0.5192 1019,02 0.6703 907.31 0.8214 816.49 -0,0359 1171.04 -0.3711 466.39 -0.6033 497.72
0.2909 858.32 0.5214 1028.88 0.6725 898,50 018236 821.12 -0.0445 1081.75 -0.3747 491.00 -0.6063 500.70
0,2941 803,93 0,5236 1023.12 0.6747 904,81 0.8258 816.71 -0.0530 966.84 -0.3782 487,16 -0.6093 504,31
0.2973 772.46 0.5259 1020.30 0.6770 903.48 0,8281 814.83 -0.0616 913.57 -0.3817 502.17 -0.6123 527.89
0.3005 791.20 0.5281 1028.21 0.6792 903.42 0.8303 818.66 -0,0701 872,94 .0.3852 480,03 -0.6153 520.72
0.3037 859.52 0.5303 1042.30 0.6814 899.87 018325: 821.15 -0.0787 818.00 -0.3888 477,41 -0.6183 495.55
0,3069 879.72 0.5325 1044.78 0,6836 892,90 0.8347 822.20 -0,0872 740.97 -0.3923 476.78 .0,6213 494.86
0,3836 950.88 0.5347 1042.70 0.6858 903,58 0.8369 822.36 -0,0959 682.32 -0.3958 479.96 -0.6243 495.22
0.3859 954.36 0.5370 1056.13 0.6881 896.10 0.8392 821.89 -0,1044 653,57 -0.3993 490.53 -0.6273 499.80
0.3881 947,52 0.5392 1051.95 0,6903 878.54 0.8414 820.46 -0.1130 624.48 -0.4029 486.04 -0.6303 490.95
0.3903 956,51 0.5414 1061.68 0.6925 876.97 0.8436 822.80 -0,1215 602.43 -0.4064 486.49 -0.6333 505.93
0.3925 961.35 0.5436 1067.04 0,6947 897.31 0.8458 823,79 -0.1301 593.26 -0.4099 478.28 -0.6362 484.10
0.3947 957,43 0.5459 1073.04 0,6970 885.11 0,8481 823,21 -0.1386 566.90 -0.4134 487,91 -0.6392 490,29
0,3970 959.85 0.5481 1071,08 0,6992 869.07 0.8503 821.91 -0.1472 569.92 -0.4170 489.20 -0,6422 512,25
0.3992 964.12 0.5503 1081.01 0,7014 871.05 0.8525 832.64 -0.1557 538,78 -0,4205 485.11 -0.6452 518.96
0,4014 958.37 0.5525 I081.00 0.7036 870,89 0.8547 841.31 -0.i643 530.93 -0,4240 488.53 -0.6482 502.16
0.4036 956.35 0,5547 1084.50 0.7058 868,93 0.8569 842.24 -0,1728 535.79 -0,4275 478.37 .0.6512 497.40
0.4059 958.21 0.5570 1082.94 0.7081 868,86 0.8592 839.03 -0,1814 524.80 -0.4310 484.11 .0,6542 500.13
0.4081 964,08 0.5592 1085.41 0.7103 876,46 0.8614 838,10 .0,1899 533,21 -0.4346 483.01 ..0,6572 514.76
0.4103 959.47 0.5614 1087.51 0.7125 868,92 0.86__ 841.65 -0.1985 521,50 -0.4381 493.78 -0.6602 503.87
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Appendix 7.2 - Data for Spanwise Averaged Nusseit Number and Film Cooling Effectiveness

-0.6632 516.67 -0.8666 503.76 0.0771 0.2444 0.2089 0.2751 0.4530 0.2170 0.6040 0.1330 0.7550 0.1070
-0.6662 508.20 -0.8696 504.64 0.0791 0.2275 0.2108 0.2732 0.4550 0.2080 0.6060 0.1420 0.7570 0.0933
-0.6692 495.55 -0.8726 506.57 0.0810 0,2355 0.2128 0,2728 0.4570 0.2060 0.6080 0.1470 0,7590 0,1060
-0.6721 516.50 -0.8756 510.54 0.0829 0.2307 0.2147 0.2767 0.4590 0.2100 0.6100 0.1360 0.7610 0.1130
-0.6751 493.42 -0.8786 509.16 0,0849 0.2238 0.2166 0.2841 0.4610 0.2110 0.6130 0.1370 0.7640 0.1080
-0.6781 494.14 -0.8816 515.66 0.0868 0.2337 0,2186 0.2791 0.4640 0.2t20 0.6150 0.1260 0.7660 0.1030
-0.6811 485.04 -0.8845 524.98 0.0888 0.2297 0.2205 0.2787 0.4660 0.2060 0.6170 0.1380 0.7680 0.1160
-0.684t 480,41 .-0.8875 527.89 0.0907 0.2200 0.2225 0.2747 0.4680 0.2030 0.6190 0.1330 0.7700 0.1020
-0.6871 489.07 -0.8905 529.44 0.0926 0.2153 0.2244 0.2864 0.4700 0.2060 0.6210 0.1350 0.7730 0.1130
-0.6901 496.87 -0,8935 525,19 0,0946 0.2229 0.2263 0.2940 0.4730 0.1980 0.6240 0.1250 0.7750 0.1080
-0,6931 496.01 -0.8965 533.11 0.0965 0.2227 0.2283 0.2958 0.4750 0,2020 0.6260 0.1320 0.7770 0.0971
-0,6961 486.92 -0.8995 530.45 0.0984 0.2215 0.2302 0.2892 0.4770 0.2010 0.6280 0.1280 0.7790 0.1020
-0.6991 484.46 -0.9025 538.28 0.1004 0.2207 0.2302 0.2830 0.4790 0.1870 0.6300 0.1360 0.7810 0.1020
-0.7021 483.88 -0,9055 537.20 0,1023 0,2234 0.2334 0.2764 0.4810 0.1970 0.6330 0.14i0 0.7840 0.0963
-0.7051 485.77 -0.9085 541.68 0.1043 0.2111 0.2366 0.2755 0.4840 0.1940 0.6350 0.1430 0.7860 0.0956
-0.7080 492.11 -0,9115 544.04 0.1062 0.2131 0.2398 0,2684 0.4860 0.1950 0.6370 0,1290 0.7880 0.0934
-0.7110 500.68 -0.9145 546.75 0.1081 0.2223 0,2430 0.2621 0,4880 0.1960 0,6390 0.1390 0.7900 0.0936
-0.7140 497.27 -0.9174 551.t3 0.1101 0.2108 0.2462 0.2572 0.4900 0.1920 0.6410 0. i460 0.7930 0.0971
-0.7170 492.15 -0.9204 552.72 0.1120 0,2090 0.2494 0,2578 0.4930 0.1950 0.6440 0.1350 0.7950 0.0988
-0.7200 491.08 -0.9234 5,56.18 0.1139 0,2168 0.2526 0,2534 0.4950 0.1970 0.6460 0.1390 0.7970 0.0925
-0.7230 482.35 -0.9264 567.04 0.1159 0.2191 0.2558 0.2446 0.4970 0.1880 :0.6480 0.1410 0.7990 0.0935
-0.7260 475.61 -0.9294 570.54 0.1178 0.2138 0.2590 0.2479 0.4990 0.1940 0.6,500 0.1250 0.8010 0.0930
-0.7290 481.86 .-0.9324 579.94 0.1198 0.2084 0.2622 0.2543 0.5010 0.1900 0,6530 0.1290 0.8040 0.0918
-0.7320 488.28 -0.9354 583.11 0.1217 0.2007 0.2654 0.2461 0.5040 0.1850 0.6550 0.1330 0.8060 0.0846
-0.7350 476.95 .-0.9384 591.48 0,1236 0.2122 0,2686 0.2491 0.5060 0.1830 0.6570 0.1290 0.8080 0.0844
-0,7380 484.52 -0.9414 600.01 0.1256 0.2072 0.2718 0,2478 0.5080 0.1820 0.6590 0.1360 0.8100 0.0861
-0.7409 479.91 -0.9444 607.98 0.1275 0.2015 0.2750 0.2611 0.5100 0.1750 0.6610 0.1300 0.8130 0.0917
-0.7439 481.32 -0.9474 621.29 0.1294 0.2003 0.2782 0.2424 0.5130 0.1710 0.6640 0.1410 0.8150 0.0903
-0.7469 471.14 -0.9504 628.60 0.1314 0.1980 0.2814 0.2434 0.5150 0.1740 0,6660 0.1240 0,8170 0,0848
-0.7499 472.43 -0.9533 631.68 0.1333 0,1974 0.2846 0.2549 0.5170 0.1760 0.6680 0.1270 0.8190 0.0839
-0.7529 477.35 -0.9563 638.33 0.1353 0.2052 0.2878 0.2797 0.5190 0.1700 0.6700 0.1250 0.8210 0.0888
-0.7559 483.01 -0.9593 649.91 0.1372 0.2072 0.2910 0.2704 0.5210 0.1660 0.6730 0.1180 0.8240 0.0952
-0.7589 477,67 -0.9623 655.34 0.1391 0.2045 0,2942 0.2353 0.5240 0.1680 0.6750 0.1190 0.8260 0.0936
-0.7619 463.68 -0.9653 665.92 0.1411 0.2397 0.2974 0.2129 0.5260 0.1640 0.6770 0.1170 0.8280 0.0952
-0.7649 473.48 -0.9683 679.76 0.1430 0.2274 0.3006 0.2200 0.5280 0.1690 0.6790 0,1170 0.8300 0,0966
-0.7679 467.98 -0,9713 683.85 0.1449 0.2358 0.3038 0.3158 0.5300 0.1670 0.6810 0. i140 0.8330 0.0868
-0.7709 464,44 -0.9743 685,27 0.1469 0.2287 0.3069 0.2856 0_53,.'.'._ 0.1620 0.6840 0.1160 0.8350 0.0919
-0.7739 462.49 -0.9773 693.89 0.1488 0.2421 0.3840 0.2090 0.5350 0.1540 0.6860 0.1200 0.8370 0.0953
-0,7768 461.81 -0.9803 705.93 0.i508 0.2841 0,3860 0.2130 0.5370 0.1620 0.6880 0.1260 0.8390 0.0953
-0.7798 462.42 -0.9833 721.34 0. t527 0,2730 0.3880 0.2080 0.5390 0.1550 0.6900 0.1090 0.8410 0.0861
-0.7828 460.83 -0.9863 733.55 0.1546 0.2426 0.3900 0.2160 0.5410 0.1450 0.6930 0.1020 0.8440 0.0813
-0.7858 465.82 -0.9892 769,69 0,1566 0.2258 0.3930 0.2i80 0.5440 0.1540 0.6950 0.1170 0.8460 0.0799
-0.7888 460.47 -0.9922 813.62 0.1585 0.2254 0.3950 0.2170 0.5460 0.1530 0.6970 0.1140 0.8480 0.0893
-0.7918 465.04 0.1605 0.2277 0.3970 0.2130 0.5480 0.1520 0.6990 0.1070 0.8500 0.0946
-0,7948 464,84 0.1624 0.2306 0.3990 0.2210 0.5500 0.1550 0.7010 0.1080 0,8530 0.0917
-0.7978 460.65 CASEW-tl 0.1643 0.2391 0.4010 0.2110 0.5530 0.1450 0.7040 0.1140 0,8550 0.0924
-0.8008 472,99 0,1663 0,2369 0.4040 0,2090 0,5550 0.1500 0.7060 0.1100 0.8570 0.0859
•0.8038 473.14 X/S1. tl 0.1682 0,2320 0.4060 0,2160 0.5570 0.1410 0.7080 0.1120 0.8590 0.0827
-0.8068 471.75 0.0384 0.4471 0.1701 0.2437 0.4080 0,2160 0.5590 0.1430 0.7100 0.1190 0.8610 0.0752
-0.8098 469.95 0.0403 0.4459 0.1721 0.2459 0.4100 0.2220 0.5610 0.1410 0.7130 0.1060 0.8640 0.0769
-0.8127 477.37 0.0422 0.4081 0.1740 0.2469 0.4130 0.2210 0.5640 0.1470 0.7150 0.1060 0.8660 0.0760
-0.8157 478.39 0.0442 0.3806 0.1760 0.2462 0.4150 0.2240 0.5660 0.1380 0.7170 0.1120 0.8680 0.0683
-0.8187 479.42 0.0461 0.3635 0.1779 0.2590 0.4170 0.2250 0.5680 0.1370 0.7190 0,1050 0.8700 0.0796
-0.8217 481.20 0.0481 0.4084 0.1798 0.2562 0.4190 0.2190 0.5700 0.1410 0.7210 0,1110 0.8730 0.0762
-0.8247 477.17 0.0500 0.4384 0.1818 0.2555 0.4210 0,2220 0.5730 0.1420 0.7240 0.1100 0.8750 0.0696
-0.8277 475.89 0.0519 0.4281 0.1837 0.2552 0.4240 0,2200 0.5750 0.1450 0.7260 0.1020 0.8770 0.0744
-0,8307 482.67 0.0539 0.4108 0.1856 0_2544 0.4260 0.2050 0.5770 0.1400 0.7280 0.1090 0.8790 0.0650
-0.8337 486.80 0.0558 013817 0.1876 0,2545 0.4280 0.2010 0.5790 0.1440 0.73(30 0.1010 0.8810 0.0623
-0.8367 482.42 0.0577 0,3472 0.1895 0.2596 0.4300 0.2050 0.5810 0.1430 0.7330 0.1050 0.8840 0.0666
-0.8397 482.77 0.0597 0.3102 0.1915 0.2677 0.4330 0.2160 0.5840 0.1460 0.7350 0.1110 0.8860 0.0671
-0.8427 485.95 0.0616 0.3162 0.1934 0.2582 0.4350 0.2240 0.5860 0.1430 0.7370 0.1060 0.8880 0.0569
-0.8457 491.04 0.0636 0.3280 0.1953 0.2567 0,4370 0.2200 0.5880 0.1430 0.7390 0,1080 0.8900 0.0567
-0.8486 489.90 0.0655 0.3192 0.1973 0.2613 0.4390 0.2250 0.5900 0.1390 0.7410 0.1030 0.8930 0.0600
-0.8516 491.02 0.0674 0.2986 0.1992 0.2673 0.4410 0.2250 0.5930 0.1420 0.7440 0.1050 0.8950 0.0566
-0.8546 495,08 0.0694 0.2774 0.2011 0,2707 0.4440 0.2180 0.5950 0.1350 0.7460 0.1010 0.8970 0,0593
-0.8576 495.09 0.0713 0.2636 0.2031 0.2707 0,4460 0.2140 0.5970 0.1470 0.7480 0.1010 0.8990 0.0622
-0.8606 504.64 0.0732 0,2448 0.2050 0.2752 0.4480 0.2080 0.5990 0.1460 0.7500 0.1000 0.9010 0.0649
-0.8636 ,505.52 0,0752 0.2411 0.2070 0.2813 0.4500 0.2160 0.6010 0.1350 0.75...'30 0.0994 0.9040 0.0552
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.9060 0.0608 -0.2720 0.1970 -0.5120 0.1040 .0.7230 0.0497 :0.9260 0.0346 0.1158 707.39 0,2557 764.94
0.9080 0.0643 -0.2760 0,1950 .0.5160 0.1030 .0.7260 0.0377 .0.92_ 0.0348 0.1178 705.76 0.2589 763,13
0,9100 0.0589 .0.2790 0.1960 1-0,51.9.0 0.0982 -0,7290 0.0436 .0,9320 0,0374 0.1197 703,50 0.2621 763.70
0,9130 0.0551 .0.2830 0.2200 .0.5230 0.0859 .0.7320 0.0444 -0.9350" 0,0391 0,1216 694.24 0.2653 757.58
0.9150 0.0540 -0,2870 0,2400 -0.5260 0.0926 -0.7350 0.0398 -0.9380 0.0416 0.1236 700.04 0.2685 774.69
0.9170 0.0577 -0.2900 0.2730 -0.5350 0.0827 -0,7380 0.0487 -0.9410 0.0437 0.125.5 690.30 0,2717 805.36
0,9190 0.0494 -0,2940 0,2740 -0,5330 0.0866 -0.7410 0.0484 -0,9440 0.0434 0.1275 696.75 0.2749 841.52
0.9210 0,0537 -0.2970 0.2880 -0.5370 0,1040 -0.7440 0.0509 -0,9470 0.0514 0.1294 698.58 0.2781 847.44
0.9240 0.0534 -0.3010 0.2830 -0.5400 0.1030 -0.7470 0.0411 .0.9500 0.0579 0.1313 714,41 0.2813 834.37
0.9260 0.0516 .0,3040 0.2850 -0.5440 0.0985 .0.7500 0.0448 -0.9530 0.0572 0.1333 738.73 0.2845 848.83
0.9280 0.0492 -0.3080 0,2750 -0.5470 0.0900 -0.7530 0,0476 -0.9560 0.0571 0.1352 788.49 0.2877 926.34
0.9300 0.0416 -0.3110 0,2750 -0.5510 0.0937 .0.7560 0.0431 -0.9590 0.0587 0.1371 850.79 0.2909 947.45
0.9330 0.0436 -0,3150 0.2720 -0.5540 0.0935 -0,7590 0,0428 -0,9620 0.0566 0.1391 787,18 0,2941 900.31
0.9350 0.0445 -0,3180 0.2450 -0.5580 0.0991 -0,7620 0,0358 -0,9650 0.0609 0,1410 746.05 0.2973 888,23
0.9370 0.0431 -0.3220 0.2720 -0,5610 0,0974 -0.76.50 0.0522 -0,9680 0,0622 0.1430 754.95 0.3005 874.55
0.9390 0.0377 -0.3250 0.2350 -0.5650 0.0992 -0,7680 0.0422 -0.9710 0.0584 0.1449 814.72 0,3037 882.25
0,9410 0.0373 -0,3290 0.2410 -0.5680 0.0963 -0,7710 0.0393 .0.9740 0.0491 0.1468 936.73 0.3069 886.15
0.9440 0.0327 -0,3320 0.2170 -0.5700 0.0993 -0.7740 0.0375 .0.9770 0.0526 0.1488 968.18 0.3836 934.39
0,9460 0.0384 -0.3360 0.2180 -0,5730 0.1010 -0.7770 0.0396 .0.9800 0,0549 0.1507 928.46 0.3859 936.00
0.9480 0.0390 -0.3390 0.2190 -0,5760 0.0965 -0.7800 0.0375 .0,9830 0,0692 0.1526 922,27 0.3881 933.93
0,9500 0.0388 -0.3430 0.2070 -0.5790 0,1110 -0.7830 0.0319 -0.9860 0.0692 0.1546 912.43 0,3903 927.81
0.9530 0.0385 -0.3460 0,2090 -0.5820 0.1100 -0.7860 0.0366 -0.9890 0.0979 0.1565 880,36 0.3925 932.67
0.9550 0.0530 -0.3500 0,1840 -0.5850 0.0999 -0.7890 0.0302 .0.9920 0.1270 0.1585 888.38 0.3947 933.98
0,9570 0,1010 -0,3530 0.1900 -0.5880 0.0982 -0,7920 0.0352 0.1604 878,47 0.3970 937.41
0.9590 0,1540 -0,3570 0,1900 -0.5910 0.0906 -0,7950 0.0339 0.1623 867,11 0.3992 936,49

-0.3610 0.1750 -0.5940 0.0789 -0.7980 0.0266 _ 0.1643 850,54 0,4014 946.37

X/PL tl -0.3640 0.1650 -0.5970 0.0893 -0.8010 0,0326 0.1662 847,99 0,4036 952.89
-0,0274 0.5420 -0.3680 0.1540 -0.6000 0.D947 -0.8040 0,0317 X/$L Nu 0.1682 865.69 0,4059 952,53
-0.0359 0.5330 .0,3710 0.1620 -0.6030 0.0947 -0.8070 0.0276 0.0384 912.63 0.1701 861.37 0.4081 953.38
-0,0445 0,5370 -0.3750 0.1450 -0.6060 0.0958 .0,8100 0,0248 0,0403 926.48 0.1720 840.00 0.4103 960.40
-0.0530 0.5220 -0.3780 0.1750 -0.6090 0.0934 -0,8130 0.0360 0,0422 944.30 0,1740 856.66 0.4125 967,88
-0.0616 0,5020 -0.3820 0.1540 -0,6120 0.1090 -0.8160 0.0312 0,0442 978,83 0.1759 860.42 0.4147 964.50
.0.0701 0.4570 .0.3850 0,1570 -0.6150 0.1070 -0,8190 0.0320 0.0461 1064.55 0,1778 851.05 0.4170 964.15
.0.0787 0.4290 -0.3890 0.1530 -0.6180 0,0864 -0.8220 0,0333 0.0481 1131.24 0.1798 848,51 0.4192 959.95
-0.0872 0.3640 -0.3920 0.1340 -0,6210 0.0752 -0.8250 0,0273 0,0500 1136.03 0,1817 839.90 0.4214 955.00
-0,0958 0.2940 -0.3960 0.1570 -0,6240 0,0736 .0,8280 0,0281 0.0519 1121.46 0.1837 843.23 0.4236 961,52
-0.1040 0.2870 .0,3990 0.1370 -0.6270 0.0840 -0.8310 0.0336 0.0539 1122.50 0.1856 865,18 0.4259 964,14
-0.1130 0.2610 -0.4030 0,1490 -0.6300 0.0747 -0.8340 0,0374 0,0558 1099,26 0,1875 839,85 0.4281 967.53
-0.1210 0.2340 -0.4060 0.1260 -0.6330 0.0904 -0.8370 0.0294 0.0577 1091.58 0.1895 824.56 0.4303 968.81
-0.1300 0.2030 -0.4100 0.1310 -0.6360 0.0699 -0.8400 0.0314 0.0597 1075.35 0.1914 834.62 0.4325 976.42

-0.1390 0.2010 -0.4130 0.1400 .0.6390 0.0765 .0,8430 0.0336 0.0616 1051.94 0.1933 831.86 0.4347 977.66
-0.1470 0.2040 -0,4170 0.1240 -0.6420 0.0899 -0.8460 0.0320 0.0636 1023.62 0.1953 850.02 0.4370 974.21

-0.1560 0.IB00 -0.4200 0,1440 -0.6450 0,0828 -0,8490 0.0269 0.0655 1008.94 0.1972 823,68 0.4392 976.29
-0.1640 0.1880 -0.4240 0.1350 -0.6480 0.0771 -0.8520 0.0273 0.0674 982.70 0.1992 822.25 0.4414 986.49
-0.1730 0.1740 -0.4270 0.1360 .0.6510 0.0656 -0.8550 0.0320 0.0694 957.03 0.2011 834.45 0.4436 985.27
-0,1810 0.1790 -0,4310 0.1190 .0.6540 0.0634 -0.8580 0.0323 0.0713 937.27 0.2030 846.32 0.4459 982.81
-0.1900 0.1770 -0,4350 0.1220 -0.6570 0.0653 -0.8610 0.0377 0.0732 927.69 0.2050 829.28 0.4481 987.07
.0.1980 0.2000 -0.4380 0.1320 -0.6600 0.0654 .0.8640 0.0303 0.0752 909.14 0.2069 835.86 0.4503 982.18
.0.2020 0.2040 -0.4420 0.1250 -0.6630 0.0656 -0.8670 0.0302 0.0771 895.17 0.2088 844.14 0.4525 984.77
-0.20.50 0.2240 -0.4450 0,1350 -0.6660 0.0681 -0.8700 0.0244 0.0791 881.00 0.2108 839.81 0.4547 977.53
-0.2090 0.2440 -0.4490 0.1060 -0.6590 0.0569 -.0.8730 0.0269 0.0810 863.02 0.2127 812.25 0.4570 974,40
.0.2130 0.2460 -0.4520 0.1150 -0.6720 0.0716 -0.8760 0,0280 0.0829 856.66 0.2147 790.05 0,4592 987.54
-0.2160 0.2710 -0.4560 0.1040 -0,6750 0,0655 -0,8790 0.0235 0.0849 842.35 0.2166 792.04 0.4614 992.86
-0.2200 0.2480 -0.4590 0.1090 -0.6780 0.0653 .0,8820 0.0283 0.0868 821.05 0.2185 789.81 0.4636 982.86
-0.2230 0.2570 -0.4630 0.1140 -0.6810 0.0586 -0.8840 0.0327 0.0888 808.11 0.2205 786.19 0.4659 985.31
-0.2270 0,2410 -0.4660 0.1230 -0,6840 0,0487 -0,8870 0.0363 0.0907 801.45 0.2224 772.19 0.4681 990.6,5
-0.2300 0.2320 .0,4700 0,1220 -0.6870 0.0528 -0.8900 0,0345 0,0926 796.89 0.2243 773.95 0.4703 999.18
.0.2340 0,2220 -0,4730 0,1080 -0,6900 0.0583 -0.8930 0.0259 0.0946 782,37 0.2263 801,26 0.4725 1002.48
-0.2370' 0.1910 -0,4770 0.1100 -0.6930 0.0511 -0,8960 0.03i3 0.0965 773.92 0.2282 784.10 0.4747 999.06
-0.2410 0.2070 -0.4800 0.1010 -0.6960 0.0491 -0.8990 0,0238 0.0984 761.85 0.2302 793.70 0.4770 1003.71
-0.2440 0.1820 -0.4840 0.1000 -0.6990 0.0463 -0.9020 0,0267 0. I003 767,40 0.2302 760,6,5 0.4792 1010.82
-0.2480 0.1980 -0.4870 0.1060 -0.7020 0,0483 -0.9050 0.0262 0.1023 753.79 0.2334 777.23 0.4814 1001.80
-0.2510 0.1880 .0,4910 0.0962 -0,7050 0.0525 -0.9080 0.0279 0.1042 746.59 0,2366 768.07 0.4836 1003.53
-0,2550 0.1770 -0.4940 0.1060 -0,7080 0.0540 -0.9110 0.0284 0. i061 736.23 0,2398 758.39 0.4859 1004.03
-0.2580 0.1870 -0,4980 0.0909 -0.7110 0.0561 -0.9140 0.0289 0.1081 733.43 0.2430 760.08 0.4881 999,07
-0.2620 0.1750 -0.5010 0.1060 -0.7140 0.0603 .-0.9170 0.0307 0,1100 725.64 0.2461 742.15 0.4903 1000.09
.0.2650 0.1930 .0.5050 0.0933 -0.7170 0.0592 .0.9200 0.0261 0.1120 741.08 0.2493 747.39 0.4925 t001.44
-0.2690 0.1850 .0.5090 0.0938 -0.7200 0.0611 -0.9230 0.0258 0.1139 742.35 0.2525 761.84 0.4947 1002.52
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0,4970 1006,55 0,6481 992,33 0.7992 914.73 0.9503 997.31 -0.3359 532.32 -0.5764 477.66 -0.7798. 477.45
0,4992 1005.61 0.6503 985,40 0.8014 919,03 0.9525 1007.68 -0.3394 533.82 .-0.5794 480.21 -0.7828 463,30
0.5014 1002.39 0.6525 997,93 0.8036 862.43 0.9547 1020.07 -0.3430 538,88 .0.5824 475.56 -.0.7858 460.65
0,5036 1004,22 0.6547 971.64 0.8058 871.86 0.9569 1029.13 .-0.3465 529.61 -0.5854 477.96 -0.7888 471.98
0,5059 1005.44 0,6570 964.35 0.8081 920.51 0.9592 1051.50 -0.3500 549.21 -0.5884 479.64 .-0.7918 458,87
0.5081 1011.41 0.6592 963.72 0,8103 908,68 -0.3535 526.47 -0.5914 485.67 -0.7948 459.16
0.5103 1013.10 0.6614 970.81 0,8125 883.65 X/PI. Nu -0,3571 545.38 -0.5944 496.70 .-0.7978 463.24
0,5125 1014,92 0.6636 966.24 0,8147 856,65 -0,0103 1245.86 -0.3606 532.74 -0.5974 500,54 -0.8008 470.73
0,5147 1027.90 0.6658 948.32 0,8169 851.69 ..0.0188 1175,94 -0.3641 541.77 -0.6003 489.71 -0.8038 471.56
0.5170 1024.09 0.6681 945.75 0.8192 870.65 -0.0274 1104.66 -0.3676 537.09 -0.6033 482.50 -0.8068 481.79
0,5192 1028,91 0.6703 966.02 0.8214 856.29 -0.0359 1082.64 -0.37il 524.25 -0.6063 474.55 -0.8098 478.39
0,5214 1025.40 0,6725 955,63 0.8236 865.09 -0.0445 1029.02 -0.3747 544.65 -0.6093 475,04 -0.8127 474.40
0.5236 1036.70 0.6747 935.27 0,8258 850.87 .-0,0530 966.78 -0.3782 517.93 -.0.6123 481.29 -0.8157 472.88
0,5259 1040.22 0.6770 953,58 0.8281 850.53 -0.0616 896.17 -.0.3817 542,31 -0.6153 475.01 -0.8187 475.96
0.5281 1037.50 0.6792 967.05 0.8303 880.06 -0.0701 825.96 -0.3852 521,72 -0.6183 489.41 .-0.8217 490.10
0,5303 1040.00 0.6814 936.36 0,8325 874,50 ..0.0787 771.27 -0.3888 533,36 -0.6213 512.59 -0.8247 489.19
0.5325 1043,41 0.6836 948.47 0.8347 857.89 -0.0872 732.16 -0.3923 522.59 --0.6243 514.03 -0.8277 482.76
0.5347 1047,19 0.6858 964.62 0,8369 834.79 -0.0959 692,70 -0,3958 519.50 -0.6273 509.05 -0.8307 473,83
0,5370 1053,96 0.6881 983.24 0.8392 845.10 -0,1044 669.33 -0,3993 534.87 -0.6303 513.42 -0.8337 477,24
0.5392 1055.71 0.6903 977,11 0.8414 847.19 -0.1130 664.33 .-0.4029 505,48 -0.6333 520.18 -0.8367 477,86
0.5414 1047.54 0,6925 914.12 0.8436 833,86 -0.1215 620,52 -0.4064 534.97 -0,6362 504,34 -0.8397 481,06
0,5436 1057.26 0.6947 937.31 0.8458 829,03 -0.1301 621.99 -0.4099 516.39 -0.6392 488,35 -0.8427 481,49
0.5459 1073.97 0,6970 923,75 0,8481 835,46 -0.1386 591,18 -0.4134 529.02 -0.6422 475.04 -0.8457 488.68
0.5481 1062.35 0.6992 926.93 0.8503 850.15 -0,1472 595.03 -0.4170 516.04 -0.6452 482,54 -0.8486 483.82
0..5503 1065.04 0.7014 925.38 0,8525 836.00 -0.1557 577,68 -0.4205 513.74 -0,6482 471.48 -0.8516 497.25
0.5525 1063.51 0.7036 932.39 0,8547 830.67 -0.1643 565.32 .-0.4240 530.14 -0.6512 473,42 -0,8546 499.85
0.5547 1071.10 0.7058 922.86 0.8569 845.67 -0.1728 575,46 -0.4275 500.41 -0.6542 492.87 -0,8576 503.68
0.5570 1071.73 0.7081 928.36 0,8592 856.15 -0.1814 552,54 -0.4310 528.83 -0.6572 500.97 -0.8606 496,51
0,5592 1079.17 0,7103 928.72 0,8614 845,18 -0.1899 574,78 -0,4346 508.28 -0,6602 496.11 -0.8636 501,93
0.,5614 t077,08 0.7125 908,05 0.8636 860.90 -0.1985 553.49 -0.4381 529,81 -0.6632 492.32 -0.8666 511.62
0,5636 1071,98 0.7147 910,82 0.8658 848,97 -0.2020 562,58 -0,4416 511.92 -0.6662 493.66 .0.8696 520.50
0.5658 1077.42 0.7170 924,48 0.8681 843,62 -0.2055 545,06 -0.4451 514.90 -0.6692 499.84 ..0.8726 523.66
0.5681 1075.95 0.7192 934.10 0.8703 845.39 -0.2091 541.58 -0.4487 523.39 -0.6721 513,16 -0.8756 529.06
0,5703 1065.13 0,7214 921.07 0.8725 837,90 -0.2126 .532,92 -0.4522 501,64 -0.6751 519.95 -0.8786 524.66
0.5725 1064,55 0.7236 930,53 0.8747 842,09 -0.2161 517.54 -0,4557 526.49 -0.6781 521,35 -0.8816 530.11
0.5747 1077.17 0.7258 955.82 0.8769 847.34 --0.2196 536.48 -0,4592 502.86 -0,6811 525.43 -0.8845 535.43
0,5770 1066.56 0.7281 910.24 0.8792 849.77 -0.2232 515.20 -0.4628 517.64 -0.6841 533.42 -0.8875 537.65
0.5792 1056,52 0.7303 906,33 0.8814 862.00 -0.2267 525.40 -0.4663 506.32 -0.6871 523,14 -0.8905 545.05
0.5814 1051.42 0,7325 882.55 0,8836 842.32 -0.2302 518.02 .-0.4698 504.55 -0.6901 525.21 -0.8935 550,78
0.5836 1059.73 0,7347 911.78 0.8858 861,39 -0.2337 530.01 -0.4733 506.36 -0.6931 526.42 -0,8965 554.65
0.5858 1071.98 0.7370 903,47 0.8881 867,06 -0.2372 533.79 -0.4769 494.79 -0.6961 521.41 -0.8995 556,27
0.5881 1056.95 0.7392 905.07 0.8903 887,81 -0.2408 528.45 -0,4804 514.07 -0.6991 540.24 -0.9025 559.28
0.5903 1044,01 0.7414 906.37 0.8925 879.44 -0,2443 547,51 -0,4839 493.41 -0.7021 514.48 -0.9055 562.65
0,5925 1047,83 0.7436 907.92 0.8947 869.80 -0.2478 535.04 -0.4874 512.88 -0.7051 497.79 -0.9085 567.15
0,5947 1044,71 0.7458 911.24 0.8969 868.28 -0,2513 558.88 -0.4910 495.30 -0.7080 502,38 -0.9115 571,50
0,5970 1047,63 0,7481 913.95 0,8992 867.39 -0.2549 550.11 -0.4945 504.45 -0.7110 513.49 -0.9145 574.75
0,5992 1029,91 0.7503 898.15 0.9014 888.64 -0.2584 565.93 -0.4980 503.61 -0.7140 506.22 -0.9174 579.11
0.6014 1022.89 0.7525 918.56 0.9036 895.09 -0.2619 572,00 -0.5015 486.29 -0,7170 507,70 -0.9204 586.18
0,6036 1031.90 0.7547 899.74 0.9058 896,31 -0.2654 568.87 -0.5050 500.77 -0.7200 507,33 -0,9234 593.10
0.6058 1042,43 0.7570 910.33 0,9081 885.46 -0.2690 593.88 -0.5086 491,84 -0.7230 503.93 -0,9264 601.28
0.6081 1023.64 0.7592 919.42 0.9103 866.83 -0.2725 578.63 -0.5121 505.91 -0.7260 507.85 -0.9294 606.59
0.6103 1024.32 0.7614 906.69 0.9125 873.87 -0.2760 602.00 -0.5156 488.00 -0.7290 504.85 -0.9324 615.74

0.6125 1029.87 0.76.36 886.09 0.9147 882.87 -0.2795 588.79 -0.5191 504.12 -0.7320 501.01 -0.9354 624.80
0.6147 1025,76 0.7658 935.45 0.9169 884.67 -0.2831 598.65 -0.5227 497.78 -0.7350 489.04 -0.9384 633.73
0.6170 1023.60 0.7681 895.90 0.9192 876,67 -0.2866 576.46 -0.5345 491,84 -0.7380 481.53 -0.9414 647.10
0,6192 1022.22 0.7703 856.82 0,9214 880.56 -0.2901 564.59 -0.5375 502,43 -0.7409 486.86 -0.9444 659.17
0..6214 1023.56 0.7725 882,59 0.9236 896.16 -0.2936 565.62 -0.5405 502.36 -0.7439 487.55 -0.9474 668.83
0.6236 1030.38 0.7747 883.35 0,9258 910.99 -0,2971 530.87 -0.5435 492,11 -0.7469 491.04 -0.9504 676.32
0.6258 1010.19 0.7770 870.87 0.9281 915.60 -0.3007 562.37 -0.5465 488.01 -0.7499 489.32 -0.9533 684.63
0.6281 1013.85 0.7792 872.28 0,9303 925.18 -0.5042 582.27 -0.5495 468.56 -0.7529 496.09 -0.9563 693.34
0,6303 1006.87 0.78i4 883.54 0.9325 925,23 -0.3077 547.74 -0.5525 480.23 -0,7559 482.35 -0.9593 706.41
0.6325 1011,57 0,7836 873,42 0,9347 934.94 -0.3112 530.72 -0,5555 463.85 -0,7589 484.48 -0.9623 720.65
0.6347 1009.50 0,7858 865.47 0.9369 950,13 -0.3148 534.68 -0.5585 464.59 -0.7619 503,20 -0,9653 733,30
0.6370 1002.57 0.7881 855,79 0.9392 964.10 -0.3183 542.36 -0,5615 455.62 -0.7649 484.60 -0.9683 748.58
0.6392 999,46 0.7903 898,26 0.9414 971.48 -0.3218 521,33 -0,5645 459.42 -0.7679 481.05 -0.9713 761,99
0.6414 1003.42 0.7925 933.19 0.9436 974.92 -0.3253 538.13 -0.5674 461,45 -0.7709 468.11 -0.9743 775.20
0.6436 988.17 0.7947 874.08 0,9458 980.18 -0.3289 524,33 -0.5704 460.19 -0,7739 467.28 -0.9773 790.27
0.6458 982.85 0.7969 896.41 0.9481 987.99 -0.3324 540.76 -0.5734 469.00 -0.7768 479.81 -0.9803 804.05

210



Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.9833 819.39 0,1530 0.3120 0.3880 0.2390 0.5390 0,2100 0.6900 0,1020 0,8410 0.0614 -0.1300 0.2450
-0.9863 832.97 0,1550 0.2950 0,3900 0.2410 0,5410 0,1960 0.6930 0,0709 0.8440 0.0579 -0.1390 0,2380
-0.9892 847.04 0.1570 0.2500 0.3930 0.2420 0,5440 0,2050 0.6950 0.0918 0.8460 0,0463 -0.1470 0,2460
-0.9922 863.15 0.1590 0.2760 C)_39.._0 0.2440 0.5460 0.2030 0,6970:0,0828 0.8480 0.0481 -0.t560 0.2400

0.1600 0.2780 0.3970 0,2400 0.5480 0.1870 0.6990 0.0797 0.8,500 0.0586 -0.1640 0,2430
0.1620 0.2710 0.3990 0,2360 0,5500 0.1870 0,7010 0.0895 0.8530 0.0714 -0.1730 0.2370

CASEX-'n 0.1640 0.2550 0.4010 0.2320 0.5530 0.1830 0.7040 0.0915 0.8550 0.0675 -0.1810 0.2360
0.1660 0.2560 0.4040 0.2320 0.5550 0.1760 0.7060 0.0698 0.8570 0.0756 -0.1900 0.2410

X/SL 11 0.1680 0,2740 0.4060 0.2260 0.5570 0.1650 0.7080 0,0753 0,8590 0.0701 -0.1980 0,2370
0,0384 0.4150 0,1700 0.2660 0,4080 0.2280 0,5.590 0.1830 0.7i00 0.0780 0.8610 0,0673 -0.2020 0,2440
0.0403 0,4160 0,1720 0.2530 0,4100 0.2240 0,5610 0.1830 0.7130 0.0779 0.8640 0.0825 -0.2050 0.2420
0,0422 0.4090 0,1740 0.2570 0,4130 0.2200 0.5640 0,1790 0,7150 0.0753 0.8660 0.0685 .0.2090 0,2490
0.0442 0.4000 0.1760 0.2640 0.4150 0,2130 0.5660 0.1790 0,7170 0.0794 0.8680 0.0669 -0,2130 0,2290
0,0461 0.4400 0.1780 0.2680 0.4170 0.2210 0.5680 0,1740 0.7190 0,0930 0,8700 0.0698 -0.2160 0.2130
0.0481 0,4730 0.1800 0.2730 0.4190 0,2240 0.5700 0,1780 0.7210 0.0730 0,8730 0.0671 -0.2200 0.2060
0.0500 0.4730 0.1820 0.2630 0.4210 0,2240 0.5730 0,1730 0,7240 0.0728 0.8750 0.0670 -0.2230 0,1910
0.0519 0.4610 0.1840 0.2710 0,4240 0,2190 0.5750 0.1790 0.7260 0.0791 0.8770 0.0594 -0,2270 0.2130
0,0539 0.4630 0.1860 0.2890 0.4260 0.2140 0.5770 0.17i0 0.7280 0,0706 0.8790 0,0604 -0.2300 0.2030
0.0.558 0,4510 0.1880 0,2750 0.4280 0,2160 0.5790 0.1740 0.7300 0.0790 0,8810 0.0627 -0.2340 0.2330
0.0577 0.4420 0.1900 0.2640 0.4300 0.2130 0,5810 0.1570 0.7330 0.0678 0,8840 0.0594 -0.2370 0.2210
0.0597 0.4280 0.1910 0,2640 0.4330 0,2080 0.5840 0.1510 0,7350 0.0870 0,8860 0.0562 -0.2410 0,2240
0.0616 0.4090 0.1930 0.2590 0.4350 0.2120 0.5860 0.1610 0,7370 0.0703 0.8880 0,0554 -0,2440 0.2170
0,0636 0.3850 0.1950 0.2640 0.4370 0,2080 0.5880 0.1490 0.7390 0.0774 0.8900 0.0604 -0.2480 0.2110
0.065.5 0.3720 0.1970 0,2720 0.4390 0,2080 0.5900 0,1360 0.7410 0.0841 0.8930 0.0598 -0.2510 0,2160
0.0674 0.3470 0.1990 0.2500 0.4410 0.2060 0.5930 0,1330 0.7440 0.0921 0.8950 0.0489 -0.2550 0,2020
0.0694 0.3240 0.2010 0.2410 0.4440 0,1920 0.5950 0.1290 0.7460 0.0876 0,8970 0.0454 -0.2580 0.2100
0,0713 0.3040 0.2030 0.2460 0.4460 0.1940 0.5970 0.1270 0.7480 0,0743 0.8990 0.0399 -0.2620 0,2020
0.0732 0.2920 0.2050 0.2360 0,4480 0.1990 0.5990 0,1260 0,7500 0.0860 0,9010 0.0424 -0.26,50 0.2040
0,0752 0.2730 0.2070 0.2620 0.4500 0.1980 0,6010 0,1120 0.7530 0.0915 0.9040 0,0378 -0.2690 0.2010
0.0771 0.2610 0.2090 0,2540 0,4.530 0,1990 0.6040 0.1150 0.7550 0,0668 0,9060 0.0333 -0.2720 0,2020
0,0791 0.2500 0.2110 0,2700 0,4550 0.2020 0,6060 0.1230 0.7570 0.0748 0.9080 0.0268 -0.2760 0.2050
0,0810 0.2400 0.2130 0,2390 0.4570 0.1970 0.6080 0.1200 0.7590 0.0880 0,9100 0,0088 -0.2790 0.2050
0.0829 0.2420 0.2150 0.2500 0.4590 0.2020 0.6100 0.1260 0.7610 0.0869 0,9130 0.0078 -0.2830 0.2110
0.0849 0.2370 0,2170 0.2380 0.4610 0.2040 0.6130 0.1050 0,7640 0.0819 0,9150 0.0058 -0.2870 0.2080
0.0868 0.2210 0.2190 0.2520 0.4640 0,1920 0.6150 0.1050 0,7660 0.1210 0,9170 0,0059 -0.2900 0.2110
0.0888 0.2120 0.2210 0.2530 0.4660 0,2010 0,6170 0.1120 0,7680 0.1040 0.9190 0.0035 -0,2940 0.1980
0.0907 0,2240 0.2220 0.2460 0.4680 0.1920 0.6190 0.0917 0.7700 0.0753 0.9210 0.0017 -0,2970 0.1590
0,0926 0.2270 0.2240 0.2580 0,4700 0.1910 0.6210 0,0905 0.7730 0.0858 0,9240 0,0050 -0.3010 0.1670
0.0946 0.2270 0.2260 0.2660 0.4730 0.1840 0,6240 0,0982 0.7750 0.0903 0.9260 0.0083 -0.3040 0.1710
0.0965 0,2260 0.2280 0.2610 0,4750 0.1890 0,6260 0,1030 0.7770 0.0805 0.9280 0.0032 -0.3080 0.1770
0.0984 0.2260 0.2300 0.2650 0.4770 0.1870 0.6280 0,1010 0.7790 0.0842 0.9300 0.0064 -0,3110 0.1660
0.1000 0,2270 0.2300 0.2620 0.4790 0.1830 0.6300 0.0878 0.7810 0.0863 0.9330 0,0035 -0.3150 0.1530
0.1020 0.2280 0,2330 0.2840 0.48i0 0.1830 0.6330 0.0827 0,7840 0.0740 0.9350 0,0051 -0,3180 0.1910
0.1040 0.2240 0,2370 0.2610 0.4840 0.1920 0,6350 0.0931 0.7860 0.0763 0.9370 0.0051 -0.3220 0.1630
0.1060 0,2200 0.2400 0,2590 0.4860 0.1930 0.6370 0.0786 0.7880 0,0672 0.9390 0.0087 -0.3250 0,1900
0.1080 0.2290 0.2430 0,2530 0.4880 0,1920 0.6390 0.0707 0.7900 0.0806 0.9410 0.0077 -0.3290 0.1840
0,1100 0.2240 0.2460 0.2470 0.4900 0.1870 0.6410 0.0876 0.7930 0.1010 0.9440 0.0054 -0,3320 0.1920
0.1120 0.2490 0.2490 0.2580 0.4930 0.1940 0.6440 0.0823 0.7950 0.0643 0.9460 0.0040 -0.3360 0.1840
0.1140 0.2490 0.2530 0.2600 0,4950 0,1830 0.6460 0.0855 0.7970 0.0794 0,9480 0.0044 -0,3390 0,1880
0.1160 0.2240 0.2560 0.2550 0.4970 0.1980 0.6480 0.0882 0.7990 0.0914 0.9500 0.0072 -0.3430 0,1770
0.1180 0.2110 0.2590 0.2570 0,4990 0,1890 0.6500 0.0670 0.8010 0,1040 0.9530 0,0124 -0.3460 0.1720
0.1200 0.2260 0.2620 0.2560 0.5010 0.1980 0,6530 0.0844 0.8040 0,0759 0.9550 0.0174 -0.3500 0.1760
0.1220 0.2320 0.2650 0.2520 0.5040 0.1900 0.6550 0.0747 0,8060 0.0897 0.9570 0.0224 -0.3530 0.1710
0.1240 0.2380 0.2690 0.2630 0.5060 0.2010 0,6570 0.0683 0.8080 0.0937 0.9590 0.0342 -0.3570 0.1740
0.1260 0.2230 0.2720 0.2670 0.5080 0.2050 0,6590 0.0586 0,8100 0.0773 -0.3610 0.1640
0.1280 0.2320 0.2750 0.2840 0.5100 0.1940 0.6610 0,0602 0.8130 0.0634 X/PL tl -0.3640 0.1720
0.1290 0.2330 0.2780 0,3110 0,5130 0.2120 0.6640 0.0634 0.8150 0.0683 -.0,0274 0.2940 -0.3680 0.1590
0.1310 0.2530 0.2810 0.3530 0,5150 0,2100 0,6660 0.0619 0.8170 0.0588 -0,_9 0.2920 -0.3710 0.1590
0,1330 0.2610 0.2850 0.3560 0,5170 0.2110 0.6680 0.0594 0.8190 0.0589 -0.0445 0.2870 -0,3750 0.1580
0.1350 0.2720 0.2880 0.3360 0,5190 0.2100 0,6700 0.0819 0.8210 0.0469 -0.0530 0.2790 -0.3780 0,1490
0,1370 0.3230 0,2910 0.3050 0.5210 0.2130 0.6730 0.0786 0.8240 0.0555 -0,0616 0.2710 -0.3820 0.1570
0.1390 0,2910 0.2940 0.2780 0.5240 0.2220 0.6750 0.0705 0.8260 0.0405 -0.0701 0.2640 -0.3850 0.1410
0.1410 0.2880 0.2970 0.3040 0.5260 0.2210 0.6770 0,0758 0,8280 0,0419 -0.0787 0.2670 -0.3890 0.1600
0.1430 0.3110 0,3010 0.3090 0.5280 0,2140 0.6790 0.0771 0.8300 0,0501 -0.0872 0.2630 -0.3920 0.1380
0.1450 0.2590 0.3040 0,3120 0.5300 0.2170 0.6810 0.0709 0.8330 0.0599 -0.0958 0.2560 -0.3960 0,1480
0.1470 0,3250 0.3070 0.3200 0,5330 0.2240 0.6840 0.0726 0,8350 0.0520 -0.1040 0.2580 -0.3990 0.1450
0.1490 0,3370 0.3840 0.2350 0.5350 0,2140 0.6860 0.0775 0.8370 0.0500 -0.1130 0,2590 -0.4030 0.1170
0.1510 0.3150 0.3860 0.2350 0,5370 0.2090 0,6880 0.0794 0.8390 0,0525 -0,1210 0,2460 -0.4060 0.1410

211



Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Coolfng Effectiveness

-0.4100 0.1280 -0.6390 0,0811 -0.8430 0.0310 0.0616 1014.17 0.1933 775.28 0.4347 999.30 0,5858 1071.44
-0.4130 0,1400 -0.6420 0.0591 -0.8460 0.0378 0,0536 1008.32 0.1953 768.82 0.4370 998,83 0,5881 1064.43
-0.4170 0.1170 -0.6450 0.0666 -0.8490 0.0342 0,0655 994.04 0,1972 768.79 0.4392 994.31 0.5903 1061.61
-0,4200 0.1210 -0.6480 0.0489 -0.8520 0.0420 0,0674 986.99 0.1992 760.65 0,4414 1000.74 0.5925 1070.04

-0,4240 0.1260 -0.6510 0.0525 -0.8550 0.0439 0,0694 976.64 0.2011 756,26 0.4436 1011.82 0,5947 1066,35 i
...0,4270 0,1000 -0.6540 0.0698 -0.8580 0.0463 0.0713 970175 0.2030 753,24 0.4459 999.40 0.5970 1053.81
-0.4310 0.1280 -0.6570 0.0792 -0.8610 0.0403 0,0732 959.13 0.2050 747,19 0.4481 996.41 0.5992 1042,46
-0.4350 0.1130 -0.6600 0.0675 -0,8640 0.0425 0,0752 937,90 0.2069 744,31 0.4503 1003.53 0.6014 1041.37
-0.4380 0.1230 -0,6630 0.0659 -0.8670 0.0490 0.0771 927.62 0.2088 735.18 0.4525 994.53 0.6036 1051.43
-0.4420 0.1080 -0.6660 0.0669 -0.8700 0.0565 0.0791 917.69 0.2108 725.25 0.4547 996.11 0.6058 1040,03
-0.4450 0,1170 -0.6590 0,0736 -0,8730 0.057i 0.08i0 906.60 0.2127 718,15 0.4570 991.03 0.6081 1031.47
-0.4490 0,1160 -0.6720 0.0880 -0,8760 0,0633 0,0829 887.51 0.2147 718,65 0.4592 1000.29 0.6103 1039.83
-0,4520 0.1050 -0,6750 0,0931 -0.8790 0,0518 0.0849 871.36 0.2166 712,28 0.4614 998,22 _0.6125]035.14

|

-0.4560 0.1200 -0,6780 0.0897 -0,8820 0.0508 0.0868 862,48 0.2185 705,48 0.4636 995.23 0.6147 )027,08
-0.4590 0.i030 -0,68i0 0.0928 -0.8840 0.0553 0.0888 851.78 0.2205 699.51 0.4659 999.78 0.6170 1028.09
-0.4630 0.1240 -0.6840 0.1050 -0.8870 0.0501 0,0907 841.82 0.2224 702,63 0.4681 1005,00 0.6192 1034,00
-0.4660 0.1080 -0,6870 0,0918 -0.8900 0.0532 0.0926 829.03 0.2243 697,67 0.4703 1008.49 0,6214 1027.36
-0.4700 0,1110 -0.6900 0.0920 -0.8930 0.0549 0,0946 818.07 0.2263 693.63 0.4725 1010.14 0.6236 1023.60
-0.4730 0,1110 -0.6930 0.0920 -0.8960 0.0553 0.0965 808.98 0.2282 688,26 0.4747 1011.35 0.6258 1015.38
-0.4770 0.1120 -0.6960 0,0872 -0,8990 0.08i8 0.0984 804,48 0.2302 685.14 0.4770 1006.91 0.6281 1010.53
-0.4800 0.1180 -0.6990 0,1090 -0.9020 0.0421 0.1003 798.06 0.2302 681.84 0.4792 1012.09 0.6303 1026.53
-0,4840 0.1110 -0.7020 0,0909 -0.9050 0.0373 0.1023 786.06 012334 686,28 0.4814 10i0.i9 0.6325 1014,01
-0.4870 0.1290 -0.7050 0.0694 -0.9080 0.0330 0.1042 775.61 0.2366 689.36 0.4836 1008.96 0,6347 1013.41
-0.4910 0,1160 -0.7080 0,0774 -0.9110 0.0310 0,1061 769.69 0.2398 691.55 0.4859 1006.05 0,6370 1003.56
-0.4940 0,1220 -0.7110 0.0919 -0.9140 0.0297 0.1081 761.86 0.2430 696,31 0.4881 1003.46 0.6392 1014.13
-0.4980 0.1250 -0.7140 0.0864 -0.9170 0.0296 0.1100 746.16 0.2461 702,50 0.4903 1005.91 0.6414 1002.52
-0.5010 0.1070 -0,7170 0.0810 -0,9200 0.0343 0.1120 739.45 0.2493 707,43 0.4925 1010.40 0.6436 996.16
-0.5050 0.1220 -0.7200 0.0814 -0.9230 0.0364 0.1139 738,63 0.2525 713,15 0.4947 1013.66 0.6458 992,55
-0.5000 0.1190 -0,7230 0,0753 -0.9260 0.0442 0,1158 740,79 0.2557 718.69 0.4970 1008,45 0.6481 9(X'2.64
-0,5120 0.1220 -0.7260 0.0774 -0.9290 0.0461 0,1178 731.90 0,2589 724.90 0,4992 1009,08 0.6503 990.06
-0.5160 0,1140 -0.7290 0.0742 -0.9320 0,0502 0,1197 723.62 0,2621 734.83 0,5014 1012.36 0,6525 982.78
-0.5190 0.1290 -0.7320 0.0662 -0.9350 0.0543 0.1216 7i8.86 0.2653 751,24 0.5036 1013.27 0.6547 983.83 -=
-0.5230 0.i250 ..0.7350 0.0529 -0.9380 0.0606 0.1236 715.41 0.2685 774.48 0.5050 1017188 0.6570 980.22
-0.5260 0.1110 -0.7380 0.0471 -0.9410 0,0673 0.1255 714.72 0.2717 800.82 0.5081 1012.37 0.6592 981.52
•0.5300 0.1310 -0,7410 0,0480 -0,9440 0.0726 0.1275 720.25 0,2749 797.27 0.5103 1017.88 0.6614 975,87
•0.5330 0,1020 -0.7440 0,0485 -0.9470 0.0750 0.1294 724,75 0.2781 809.67 0.5125 1020.4_3_ 0..6636 975.28
'0.53_0 0.1170 .-0,7470 0.0534 -0,9_S00 0.0750 0.1313 743.04 0.2813 836.07 0.5147 1029.22 0,6658 966.58
-0.5400 0.0949 -0.7500 0.0601 -0.9530 0.0734 0.1333 779.12 0,2845 880.77 0.5170 1028.91 0.6681 961.87
-0.5440 0.0955 -0.7530 0.0691 -0.9560 0.0695 0.1352 736.10 0,2877 900.49 0.5192 1028.59 0.6703 971.36
-0.5470 0.1040 -0.7560 0.0517 -0,9590 0,0737 0,1371 723.03 0.2909 896,53 0.5214 i030,4i 0_6725 96i.2i =
-0.5510 0.0936 -0.7590 0.0531 -0.9620 0,0802 0.1391 724.32 0,2941 897,23 0.5236 1034,08 0.6747 959.35
-0.5540 0,1140 -0.7620 0.0630 -0.9650 0.0826 0.1410 738.35 0.2973 901.02 0,5259 1039,31 0.6770 963.47
-0._ 0.1030 -0.76.50 0.0,505 -0.9680 0.0894 0.1430 772.01 0,3005 917.27 0.5281 1040.12 0.6792 958.05
-0.5610 0.1110 -0.7680 0.0483 -0,9710 0.0896 0.1449 803.82 0,3037 931.56 0.5303 1041,40 0.6814 965.74
•.0.5650 0.1010 -0.7710 0.0339 -0.9740 0.0919 0,1468 811.18 0.3069 974.07 0.5325 1050.74 0.6836 959,48
-0.5680 0.1040 -0,7740 0.0300 -0.9770 0.0959 0.1488 838.69 0.3836 967.64 0.5347 1051.36 0.6858 968.43
-0.5720 0.0990 -0.7770 0.0441 -0.9800 0,0945 0.1507 838.41 0.3859 968.82 0.5370 1054.11 0.6881 952.24
-0,5750 0,0977 -0.7800 0.0431 -0.9830 0,0960 0.1526 848.47 0.3881 966.92 0.5392 1052.13 0.6903 955.99
-0.5790 0.0892 -0.7830 0.0242 -0,9860 0.0886 0.1546 862.32 0.3903 968,11 0.5414 1055.70 0.6925 949.16
-0,5820 0.0834 -0.7860 0.0216 -0,9890 0.0917 0.1565 860.76 0.3925 972.91 0.5436 1058.29 0.6947 946.70
-0.5850 0.0871 -0.7890 0.0294 -0.9920 0.5930 0.1585 860,30 0.3947 972.43 0.5459 1067.95 0.6970 940.51
-0.5880 0.0890 -0.7920 0.0200 0.1604 846.55 0.3970 982.64 0.5481 1073.85 0.6992 932.12
-0,5910 0,1010 -0.7950 0.0204 0.1623 852.34 0.3992 994.48 0.5503 1070.13 0.7014 928.15
-0.5940 0.1120 -0.7980 0.0276 CASEY-Nu 0.1643 848.46 0.4014 995.54 0.5525 1076.95 0.7036 919.58
-0.5970 0.1040 -0.8010 0.0348 0.1662 848.93 0.4036 997.26 0.5547 1084,49 0.7058 930.95
-0,6000 0.0942 -0.8040 0.0352 X/$L Nu 0.1682 836.05 0,4059 992.78 0.5570 1084.78 0.7081 937.11
-0,6030 0.0882 -0.8070 0,0450 0.0384 1037,12 0.1701 826.98 0.4081 995.41 0.5592 1080.11 0.7103 929.97
-0,6060 0.0712 -0.8100 0.0381 0.0403 1035.96 0.1720 822,47 0.4103 998,66 0.5614 1077.63 0.7125 925.94
-0.6090, 0,0721 -0.8130 0.0334 0.0422 1034,85 0.1740 820.85 0,4125 1002.95 0.5636 1089.58 0.7147 922.77
-0.6120 0,0694 -0.8160 0.0293 0,0442 1033.95 0.1759 816.90 0.4147 1006.93 0.5658 1085.40 0.7170 926.77
-0.6150 0.0592 -0.8190 0.0329 0.0461 1032,93 0,1778 815.70 0.4170 999.54 0.5681 1082.37 0.7192 925.48
-0.6180 0.0775 -0.8220 0.0441 0.0481 1032.00 0,1798 808,74 0.4192 993,83 0,5703 1081.18 0,7214 932.12
•0,6210 0.1070 -0.8250 0.0371 0.0500 1031.34 0.1817 801.04 0.4214 994.74 0.5725 1098.88 0.7236 949.42
-0.6240 0.1070 -0,8280 0.0337 0,0519 1030.66 0.1837 797.73 0.4236 998.42 0.5747 1093.61 0.7258 934.21
-0,6270 0.1060 -.0,8310 0,0246 0.0539 1030.29 0,1856 792.79 0,4259 998.04 0.5770 1085.75 0.7281 924.82
-0,6300 0,1160 -0t8340 0.0282 0.0558 1027.33 0.1875 783.27 0.4281 997.22 0.5792 1083.20 0.7303 912.20
-0.6330 0.1230 -0,8370 0,0314 0.0577 1021.74 0,1895 782.78 0,4303 993.60 0.5814 1073,79 0.7325 913.29
-0.6360 0,1080 -0.8400 0.0320 0.0597 1017.54 0.1914 782.39 0.4325 998.54 0.5836 1087.23 0.7347 916,76
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.7370 923.44 0.8881 937.89 -0.2372 516.73 -0.4657 543.01 -0.6692 569.45 -0.8726 571.48 0.0771 0.3370
0.7392 907.24 0.8903 942.78 -0.2408 504.83 -0.4687 532,66 -0,6721 569.79 -0.8756 575.50 0.0791 0.3240
0.7414 912.76 0.8925 937.71 -0.2443 535.96 -0.4717 530.93 -0.6751 570.41 -0.8786 576.14 0.0810 0.3120
0.7436 909.25 0.8947 938.08 -0.2478" 524.92 -0.4747 541.79 -0.678I _'573,96 -0.8816 584.41 0.0829 0.2910
0.7458 915.04 0.8969 943.74 -0.2513 552.50 -0,4777 534.76 -0.6811 569.93 -0.8845 584.82 0.0849 0.27.50
0.7481 911.81 0,8992 949.53 -0.2549 550.76 -0.4807 540,1t -0.6841 550.52 -0.8875 586.79 0.0868 0.2660
0.7503 904.4t 0.9014 965.51 -0.2584 565,49 -0.4837 534.34 -0.6871 565.93 -0.8905 590.71 0.0888 0.2520
0.7525 911.08 0.9036 972.74 -0.2619 58t.98 -0.4867 524.83 -0.6901 552.61 ..0.8935 600.76 0.0907 0.2420
0.7547 918.47 0.9058 974.25 -0.2654 577.06 -0.4897 520.24 -0.6931 553.35 -0.8965 602.37 0.0926 0.2330
0.7570 917.13 0.9081 965,64 -0.2690 604.89 -0.4927 510.65 -0.6961 558.38 -0.8995 608.13 0.0946 0.2270
0.7592 919.45 0,9103 967.22 -0.2725 596. t5 -0.4956 504.26 -0.6991 567.16 -0.9025 610.54 0.0965 0.2220
0.7614 906.03 0,9125 983.76 -0.2760 624.90 -0.4986 502.17 -0.7021 555.11 -0.9055 619.09 0.0984 0.2180
0,7636 890.92 0.9147 995.24 -0.2795 612.93 -0.5016 499.05 -0.7051 553,61 -0.9085 611.66 0.1000 0.2140
0.7658 887.39 0.9169 1001.32 -0.2831 620.11 -0.5046 496.05 -0.7080 565.18 -0.9115 611.26 0.1020 0.2050
0.7681 890.22 0.9192 999.67 -0.2866 611.18 -0.5076 511.48 -0.7110 574,88 -0.9145 623.36 0.1040 0.1980
0.7703 898.50 0.9214 1007.82 -0.2901 602,15 -0.5106 515.79 -0.7140 573.10 -0.9174 629,40 0.1060 0.1870
0.7725 898.02 0,9236 1027.55 -0.2936 609.85 -0.5136 531.90 -0.7170 565.73 -0.9204 632.13 0.1080 0.1880
0.7747 897.40 0.9258 1040.26 ..0.2971 572.47 -0.5166 531.97 -0.7200 566.65 -0.9234 631.67 0.1100 0,2200
0.7770 885.35 0.92811049.69 -0.3007 610.28 -0.5196 527.15 -0.7230 569.41 -0.9264 632.80 0.1120 0.2280
0.7792 890.47 0.9303 1057.64 -0.3042 607.44 -0.5226 529.26 -0.7260 577.40 -0.9294 640.47 0.1140 0.2090
0.7814 901.60 0.9325 1069.80 -0.3077 611.40 -0.5256 528.27 -0.7290 580,59 -0.9324 646.57 0.1160 0.1830
0.7836 902.03 0.9347 1085.05 -0.3112 588.29 -0.5286 529.72 -0,7320 566,91 -0.9354 658.34 0.1180 0.1790
0.7858 890.21 0.9369 1097.82 -0.3148 579.19 -0.5315 522.42 -0.7350 550,32 -0.9384 663,42 0.1200 0.1930
0.7881 894.13 0.9392 1111.14 -0.3183 595.99 -0.5345 526.47 -0.7380 545.89 -0.9414 668.57 0.1220 0.1910
0.7903 901.05 0,9414 1118.67 -0,3218 568.60 -0.5375 526,46 -0.7409 551.54 -0.9444 677.92 0,1240 0.1920
0.7925 895.96 0.9436 1124.81 -0.3253 578.55 -0.5405 526,94 -0.7439 556.81 -0.9474 684,33 0.1260 0.1780
0.7947 898.33 0.9458 1142.93 -0.3289 561.88 -0.5435 535,15 -0.7469 557.27 -0.9504 693.75 0.1280 0.1940
0.7969 888,33 0.9481 1150.72 -0.3324 581.97 -0.5465 533,52 -0.7499 559.63 -0.9533 700.13 0.1290 0.2070
0.7992 902.04 0.9503 1180.77 -0.3359 567.96 -0.5495 535.89 -0.7529 564.77 -0.9563 706.99 0.1310 0.2050
0.8014 878.91 0.9525 1184.18 -0.3394 549.09 -0.5525 532.68 .0.7559 553.37 -0.9593 714.44 0.1330 0.2370
0.8036 872.46 0.9547 1201.87 -0.3430 576.63 -0.5555 532.95 -0.7589 545,71 -0.9623 726.91 0.1350 0.2050
0.8058 885,32 0.9569 1223.53 -0.3465 532,25 -0.5585 540.70 -0.7619 546.67 -0.9653 734.55 0.1370 0.2480
0.8081 895.69 0.9592 1260.60 -0.3500 583.19 -0.5615 536.40 -0.7649 550.39 -0.9683 742.13 0.1390 0,2610
0.8103 890.63 -0.3535 558.50 -0.5645 541.58 -0.7679 545.28 -0.9713 751.73 0.1410 0.2440
0.8125 864.58 X/PL Nu -0.3571 577.18 -0.5674 538.11 -0,7709 544.53 -0.9743 763.75 0.1430 0.2280
0.8147 876.01 -0.0103 1324.68 -0.3506 556.10 -0.5704 527.99 -0.7739 545.29 -0.9773 778.02 0.1450 0.2130
0.8169 865.78 -0.0188 1235,82 -0.3641 575.30 -0.5734 ,533.95 -0.7768 547.21 -0.9803 792.91 0.1470 0.1890
0.8192 872.82 -0.0274 1183.59 -0.3676 573.39 --0.5764 530.51 -0.7798 544.93 -0.9833 806.42 0.1490 0.2220
0.8214 878.42 -.0.0359 1121.91 -0.3711 522.56 -0,5794 528,24 -0.7828 535.63 -0.9863 826.46 0.1510 0,2260
0.8236 881.28 -0.0445 985.40 .0.3747 562.77 -0.5824 542.38 -0.7858 534.5,5. -0.9892 843.63 0,1530 0.2160
0.8258 879.88 -0.0530 890.33 -0.3782 497.85 ..0,5854 538.89 -0.7888 534.51 -0.9922 873,31 0.1550 0.2200
0.8281 880.48 -0,0616 830.06 -0.3817 540.02 -0.5884 536.19 -0.7918 535.15 .-0.9892 584.83 0.1570 0.2280
0.8303 876.78 -0.0701 771.90 -0.3852 522,05 -0.5914 549.10 -0.7948 532.11 -0.9922 591.27 0.1590 0.2350
0.8325 872.26 -0.0787 739.69 -0,3888 529.26 -0,5944 536.98 -0.7978 530.20 0.1600 0.2350
0.8347 858.50 -0.0872 694.57 -0.3923 529.93 -0.5974 543.23 -0.8008 533.97 0.1620 0,2460
0.8369 849.28 -0.0959 693.57 ..0.3969 510.44 -0.6003 533.5i -0,8038 534.70 CASEY-n 0.1640 0.2490
0.8392 849.47 -0.1044 661.62 -0.3999 533.04 -0,6033 535.49 -0,8068 542.23 0.1660 0.2410
0.8414 841.39 -0.1130 655.22 -0.4029 561.95 -0.6063 547,62 -0.8098 559.72 X/SL 11 0.1680 0.2430
0.8436 829.89 -0.1215 622.43 -0.4059 559.17 -0.6093 540.71 -0.8127 563.24 0.0384 0.6270 0.1700 0.2410
0.8458 845.11 -0.1301 628.51 -0.4089 568.55 -0.6123 554.96 -0.8157 550.13 0.0403 0.6090 0.1720 0.2300
0.8481 859.48 -.0.1386 599.39 -0.4119 567.60 -0.6153 548.87 -0.8187 556.01 0.0422 0.5710 0.1740 0.2370
0.8503 862.42 -0.1472 601.35 -0.4149 584.83 -0.6183 557.61 -0.8217 552.20 0.0442 0.5260 0.1760 0.2380
0.8525 855.10 -0.1557 582.73 -0.4179 581.55 -0.62i3 563.16 -0.8247 556.92 0.0461 0.4990 0.1780 0.2490
0.8547 861.26 -0.1643 563.91 -0.4209 583.04 -0.6243 546.92 -0.8277 551,81 0.0481 0.4780 0.1800 0.2500
0.8569 877.05 -0.1728 582.52 -0,4238 562.44 .0.6273 543.91 -0.8307 563,46 0.0500 0.4600 0.1820 0.2540
0.8592 873.09 -0.1814 564.27 -0.4268 560,12 -0.6303 547.79 -0.8337 550,00 0.0519 0.4540 0.1840 0.2370
0,8614 885.03 -0.1899 570.07 -0.4298 574,70 -0.6333 554.52 -0.8367 547.39 0.0539 0.4510 0,1860 0.2400
0.8636 887.00 -0.1985 558.56 -0.4328 566,43 -0.6362 555.92 -0.8397 547.60 0.0558 0.4430 0,1880 0.2420
0,8658 902.83 -0.2020 563.69 -0.4358 573,31 -0.6392 5,50.82 -0,8427 561.32 0,0577 0,4370 0.1900 0.2360
0.8681 906.74 -0.2055 548.73 -0.4388 578.81 -0.6422 557.88 -0.8457 557.85 0.0597 0.4320 0.1910 0.2410
0.8703 903.60 -0.2091 541.68 .0.4418 571.64 -0.6452 565,46 -0,8486 559.21 0.0516 0.4260 0.1930 0.2360
0.8725 906.94 -0.2126 517.84 -0.4448 560.68 -0.6482 551.47 ..0.8516 566.66 0.0636 0.4190 0.1950 0.2360
0.8747 912.70 .0.2161 494.12 -0.4478 562.04 -0.6512 556.44 --0.8546 571.48 0.0655 0.4060 0.1970 0.2290
0.8769 913.91 -0.2196 513.73 -0.4508 553.73 .-0.6542 549.88 .-0.8576 568.42 0.0674 0.3980 0.1990 0.2240
0.8792 914.26 -0,2232 485.03 -0.4538 546.83 .0.6572 550.76 -0.8606 590.29 0.0694 0.3870 0.2010 0.2250
0.8814 909.73 -0.2267 507,30 -0.4568 548.48 -0.6602 564.81 -0.8636 587.03 0.0713 0.3790 0.2030 0.2200
0.8836 914.10 -0,2302 489.09 -0.4597 554.60 -0.6632 564.74 -0.8666 587.06 0.0732 0.3680 0.2050 0.2210
0.8858 930.03 -0.2337 507.54 -0.4627 547.51 -0,6662 571.54 -0.8696 574.57 0,0752 0.3480 0.2070 0.2220
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.2090 0.2110 0.4530 0.2130 0.6040 0,1490 0.7550 0.0869 0.9060 0.0335 -0.2720 0.3170 -0.4960 0.0834
0.2110 0.1980 0.4550 0.2190 0.6060 0.1520 0,7570 0.0900 0.9080 0.0294 -0.2760 0.3210 -0.4990 0.0826
0.2130 0.2090 0.4570 0.2130 0,6080 0.1490 0.7590 0,0901 0,9100 0.0245 -0,2790 0.3290 -0.5020 0.0739
0.2150 0.2120 0.4590 0.2170 0.6100 0.1550 0.7610 0.0878 0.9130 0.0284 -0.2830 0.3390 .-0.5050 0,0707
0.2170 0.2060 0.4610 0.2140 0.6130 0.1530 0,7640 0.0858 0.9150 0,0303 -0.2870 0.3110 -0.5080 0.0831
0,2190 0.2100 0,4640 0.2110 0.6150 0.1480 0.7660 0.0785 0.9170 0.0308 -0.2900 0.2630 -.0.5110 0.0881
0.2210 0.2070 0.4660 0.2060 0.6170 0.1520 0.7680 0,0772 0,9190 0.0265 -0.2940 0.2520 -0.5140 0.1010
0.2220 0,2120 0.4680 0.2080 0.6190 0.1560 0.7700 0.0861 0.9210 0.0230 -0.2970 0.2190 -0.5170 0.1040
0.2240 0,2020 0,4700 0.2070 0.6210 0.1490 0.7730 0.0800 0.9240 0,0251 -0,3010 0.2410 -0.5200 0.0969
0.2260 0.2080 0.4730 0.2070 0.6240 0.1520 0,7750 0.0944 0.9260 0.0259 -0.3040 0.2520 -0.5230 0,0985
0.2280 0,1980 _0.4750 0.2050 0.6260 0, i,520 "0.7770 0,0859 0,9280=0.0267 -0.3080 0.2610 -0.5260 0.0975
0.2300 0.2040 0.4770 0,1970 0,6280 0,14'[0 0.7790 0,0823 = 0L93130 0.0238 -0.3'110 0.2470 -015290 010991
0,2300 0.1980 0,4790 0.2030 0.6300 0.1540 0,7810 0.0794 0.9330 0.0267 --0,3150 0,2180 -0.5310 0.0945
0.2330 0.2020 0.4810 0.2050 0.6330 0.1450 0.7840 0,083;_ 0,93.'_ 0.0252 -0.3i80 0.2350 -0.5340 0.0967
0.2370 0.2090 0.4840 0.2050 0.6350 0.]480 0.7860 0,0768 0.9370 0.0172 -0.3220 0,2260 -0.5370 0.0976
0.2400 0,2230 0.4860 0.2030 0.6370 0.1380 0.7880 0,0735 0.9390 0.0217 -0.3250 0.2340 -0.5400 0.0953
0.2430 0,2350 0.4880 0.20.30 0.6390 0.1450 0.7900 0.0682 0,9410 0.0198 -0.3290 0, i930 -0.5430 0.0984
0.2460 0.2310 0.4900 0.2020 0.6410 0.1420 0,7930 0.0720 0.9440 0.0200 -0.3320 0.2210 -0.5460 0.0966
0.2490 0.2470 0,4930 0,2000 0.6440 0.1450 0,7950 0,0785 0.9460 0.0253 -0,3360 0.2030 -0.5490 0.0974
0.2530 0.2440 0.4950 0.1980 0.6460 0,1360 0,7970 0,0780 0.9_ 0.0250 -0.3390 0,1950 -0,5520 0.0937
0,2560 0.2570 0,4970 0,1950 0,6480 0,1410 0.7C,_0 0.0795 0.9500 0.0224 -0.3430 0.2460 -0.5550 0,0928
0.2590 0.2770 0.4_;)0 0.1920 0.6500 0,1340 0.8010 0,0775 0.9_ 0.0190 -0,3460 0.1900 -0.5580 0.0969
0.2620 0.2880 0.5010 0.1950 0.6530 0.1320 0.8040 0.0789 0.9550 0.0251 .0,3500 0.2910 -0.5610 0.0928
0.2650 0.2990 0.5040 0.1920 0.6550 0.1360 0,8060 0.0830 0.9570 0.0214 -0.3530 0.2050 -0,5640 0,1010
0.2690 0.2960 0.5060 0.1970 0.6570 0.1260 0.8080 0.0843 0.9590 0.0285 -0.3570 0,2560 -0,5670 0.0968
0.2720 0,3150 0.5080 0.1880 0.6590 0.1180 0.8100 0.0833 -0,3610 0.2300 -0.5700 0,0896

0.2750 0.3620 0.5100 0.1900 0.6610 0.1170 0.8130 0,0732 X/PL 11 -0.3640 0.2520 -0.5730 0.0927
0.2780 0,4100 0.5130 0.1910 0.6640 0.1240 0,8150 0.0849 -0,0274 0.3630 -0,3680 0.2540 -0.5760 0.0945
0.2810 0.4120 0.5150 0,1900 0.6660 0.1200 0.8170 0.0803 -0.0359 0.3620 -0.37i0 0,1910 -0.5790 0,0928
0.2850 0.3740 0.5i70 0,18._ 0,6680 0,1220 0.81-90 0_0771 -0.0445 0,3660 -0,3750 0,2510 .0.5820 0.1010
0.2880 0.3480 0.51q_ 0,1880 0.6700 0,1260 0,8210 0,0969 -0.0530 0,3850 -0,3780 0.1530 -0.5850 0.0996
0.2910 0.3160 0.5210 0.1830 0.6730 0.1180 0.8240 0.1000 .-0.06i6 0.3800 -0.3820 0.2070 -0.5880 0.0939
0.2940 0.3270 0,5240 0.1870 0,6750 0.1110 0.8260 0. i000 -0.0701 0.3530 -0.3850 0.1640 -0.5910 0,1010
0.2970 0,3330 0.5260 0,1820 0.6770 0.1160 0,8280 0.0041 -0.0787 0.3650 .0.3890 0.1780 -0,5940 0,0885
0.3010 0,3200 0.5280 0.1850 0.6790 0,1090 0.8300 0.0954 -0,0872 0,3250 -0.3920 0.1870 -0.5970 0.0911
0.3040 0.2(_X) 0.5300 0,1820 0.6810 0.1180 0.8330 0.1010 -0.0958 0.3180 -0.3970 0.2040 -0.6000 0.0821
0.3070 0.2760 0.5330 0.1830 0.6840 0.1130 0,8350 0.0930 -0.1040 0.2950 -0.4000 0,2190 -0.6030 0.0849
0.3840 0.2400 0.5350 0.1750 0.6860 0.1140 0.8370 0.0869 -0.1130 0.2930 -0.4030 0.2240 -0.6060 0.0891
0,3860 0.2410 0.5370 0.1740 0,6880 0,1090 0.8390 0,0772 -0.1210 0.2750 .0.4060 0.2010 -0.6090 0.0839
0,3880 0.2370 0.5390 0,1760 0,6900 0,1110 0.8410 0.0716 .0.1300 0.2740 -0.4090 0.1580 -0.6120 0.0975
0,3900 0.2400 0,5410 0.1780 0.6930 0.1200 0.8440 0,0577 .0.1390 0.2610 -0.4120 0.1230 -0.6150 0.0936
0,3930 0,2410 0.5440 0.1660 0.6950 0.1200 0.8460 0.0576 ..0.1470 0.2740 -0.4150 0.1150 .-0.6180 0.0997
0.3950 0.2380 0.5460 0.1620 0.6970 0.1110 0,8480 0.0588 .0.1560 0.2650 --0.4180 0.1180 -0,6210 0.0993
0.3970 0.2380 0.5480 0,1670 0.6990 0.1070 0.8500 0,0632 -0,1640 0.2600 -0.4210 0.1320 -0,6240 0.0884
0.3990 0.2370 0.5500 0.1700 0.70i0 0.1040 0.8530 0,0583 .0.1730 0,2710 -0.4240 0.1160 -0,6270 0,0862
0.4010 0.2280 0.5530 0,1630 0.7040 0,0941 "0.8550 0.0.581 .0.1810 0.2810 -0.4270 0.1180 -0.6300 0.0903
0.4040 0.2360 0.5550 0.1630 0,7060 0,1030 0.8570 0.0526 -0.1900 0.2750 -0.4300 0.1330 -0.6330 0.0939
0.4060 0.2370 0,5570 0,1610 0.7080 0.1030 0.8590 0,0479 .0.1980 0.2850 -0.4330 0. t320 -0.6360 0,0906
0.4080 0.2310 0.5590 0.1680 0.7100 0.0990 0.8610 0.0557 -0,2020 0.2990 -0.4360 0.1380 -0.6390 0.0843
0.4100 0.2260 0.5610 0.1660 0.7130 0,0979 0.8640 0.0543 .0.2050 0.2930 -0.4390 0.1580 -0.6420 0.0857
0.4130 0.2250 0.5640 0.1590 0.7150 0.0078 0.8660 0.0577 -0.2090 0.3060 -0.4420 0,1460 -0,6450 0.0910
0.4150 0,2300 0.5660 0.1590 0.7170 0.1020 0.8680 0.0510 .0,2130 0.2780 -0.4450 0,1410 -0.6480 0,0838
0.4170 0.2270 0,5680 0.1600 0.7190 0.1050 0.8700 0,0444 -0.2160 0.2230 -0.4480 0.1430 -0.6510 0.0833
0.4190 0.2240 0.5700 0.1580 0.7210 0,0960 0.8730 0,0410 -0.2200 0.2350 -0,4510 0.1340 -0.6540 0.0785
0.4210 0.2300 0.5730 0.1580 0.7240 0.1000 0.8750 0,0467 -0.2230 0.2240 -0.4540 0.1270 -0.6570 0,0777
0.4240 0.2290 0.5750 0,1620 0.7260 0,0949 0,8770 0.0423 -0.2270 0.2180 -0.4570 0.1320 -0.6600 0.0893
0.4260 0.2300 0.5770 0.1590 0.7280 0.0895 0.8790 0.0418 -0,2300 0.2210 -0.4600 0.1230 -0.6630 0.0875
0.4280 0.2300 0.5790 0.1550 0,7300 0.0947 0,8810 0,0362 .0.2340 0.2280 -0,4630 0.1170 -0.6660 0.0938
0.4300 0.2220 0.5810 0,1470 0.7330 0.0911 0.8840 0,0361 -0.2370 0.2460 -0.4660 0.1080 -0.6690 0.0917
0.4330 0.2240 0.5840 0,1590 0.7350 0.0850 0.8860 0,0389 .0.2410 0.2550 -0.4690 0.1050 -0.6720 0.0929
0.4350 0.2270 0.5860 0.1520 0.7370 0.0997 0.8880 0.0339 -0.2440 0.2930 -0.4720 0.0962 .-0.6750 0.0950
0.4370 0.2310 0,5880 0.1490 0,7390 0.0913 0.8900 0.0395 -0,2480 0.2860 -0,4750 0.1110 -0,6780 0.0954
0.4390 0.2180 0.5900 0.1500 0.7410 0.0952 0.8930 0.0341 -0.2510 0.3030 -0.4780 0.0989 -0.6810 0,0889
0.4410 0,2190 0.5930 0.15.30 0,7440 0.0942 0.8950 0.0369 :0,2550 0.3000 -0.4810 0,1150 -0,6840 0.0802
0.4440 0.2240 0.5950 0.1580 0,7460 0.0958 0.8970 0.0344 -0,2580 0.3120 -0.4840 0.1100 -0.6870 0.0826
0,4460 0.2180 0.5970 0.1510 0,7480 0.0913 0.8990 0.0309 -0,2620 0.3050 -0.4870 0.1040 -0.6900 0.0765
0.4480 0.2170 0.5990 0.1450 0.7500 0.0911 0.9010 0.0363 -0.2650 0.3120 -0.4900 0.1020 -0.6930 0,0798
0t4500 0,2200 0.6010 0.1450 0.7530 0.0900 0.9040 0.0339 -0,2690 0.3120 -0,4930 0.0885 -0.6960 0t0816
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

-0.6990 0.0834 -0.9020 0.0528 0.1004 757.96 0.2302 730.03 0.4792 1016.71 0.6303 1047,08 0.7814 925.82
-0.7020 0.0769 -0.9050 0.0525 0.1023 753,91 0.2334 734.81 0.4815 1012,12 0,6326 1038.08 0.7837 919.84
-0.7050 0,0727 -0,9080 0.0515 0.!043_ 750,67 0.2366 736,82 0.4837 1010.87 0.6348 1026,05 0.7859 921.01
-0.7080 0.0833 -0.9110 0.0526 0.1062 740.70 0.2398 732,50 0.485_'ib02,77 0.6370 1027.63 0.7881 919,23

-0.7110 0.0860 -0.9140 0.0544 0.1081 742.80 0.2430 731.55 0.4881 1009,21 0.6392 1086.49 0.7903 929.58
-0,7140 0.0825 -0.9170 0.0559 0,1101 709.86 0.2462 734.55 0.4903 1007.53 0.6415 1054.29 0.7926 928.73
-0,7170 0,0793 -0.9200 0.0535 0.1120 688,26 0.2494 744.08 0.4926 1010.72 0.6437 1046.26 0.7948 924.61
-0.7200 0,0764 -0,9230 0.0480 0.1139 699,54 0.2526 759,30 0,4948 1012,90 0.6459 1020.95 0,7970 930.06
-0.7230 0.0801 -0.9260 0.0451 0.1159 720.79 0.2558 748.40 0.4970 1006.94 0,6481 1015.39 0.7992 923.74
-0.7260 0.0783 -0.9290 0.0462 0.1178 721.23 0.2590 752.95 0.4992 1003.95 0.6503 1023.01 0.8014 905.96
-0.7290 0.0790 -0.9320 0.0460 0.1198 707.12 0.2622 765.19 0.5015 1012.07 0.6526 1019.07 0.8037 906.32
-0.7320 0.0680 -0.9350 0.0531 0.1217 694.90 0.2654 784.25 0.5037 1007.85 0.6548 1035.50 0.8059 913.49
-0.7350 0.0572 -0.9380 0.0529 0.1236 698.23 0.2686 811.91 0.5059 1011.94 0.6570 1031.30 0.8081 936.56
-0.7380 0,0536 -0.9410 0.0519 0.1256 707.79 0.2718 852,92 0.5081 1008.66 0.6592 1026.41 0.8103 933.26
-0.7410 0,0552 -0.9440 0.0550 0.1275 714.03 0.2750 862.25 0.5103 1014.81 0.6615 1011.95 0.8126 900.85
-0.7440 0.0584 -0.9470 0,0542 0,1294 715.37 0.2782 827.93 0.5126 1022.43 0.6637 1005.06 0.8148 897.46
-0.7470 0.0588 -0.9500 0.0570 0,1314 752.29 0,2814 865.79 0,5148 1027,38 0.6659 1012.70 0.8170 905.36
-0.7500 0.0593 -0.9530 0.0561 0.1333 843,61 0,2846 980.77 0.5170 1029.51 0.6681 999.56 0.8192 914.97
-0.7530 0.0549 -0.9560 0.0579 0.1353 875,80 0.2878 961.95 0,5192 1029.03 0.6703 1000.33 0.8214 915.31
-0.7560 0.0482 -0.9590 0.0610 0.1372 778.78 0.2910 967.00 0,5215 1025.33 0.6726 991.07 0.8237 920,13
.0.7590 0.0434 -0.9620 0.0633 0.1391 758,63 0.2942 946.64 0.5237 1023.43 0.6748 1001.33 0.8259 924.05
-0.7620 0.0451 -0.9650 0.0604 0.1411 816.96 0.2974 983.45 0,5259 1022.58 0.6770 1000.79 0.8281 927.82

-0.76,50 0,0505 -0,9680 0.0565 0.1430 894.53 0.3006 950,00 0.5281 1025.07 0.6792 1005.68 0.8303 935,19
-0.7680 0.0442 -0,9710 0.0853 0.1449 958.35 0.3038 960.00 0.5.303 I033.77 0.6814 988.52 0,8326 920.49
-0.7710 0,0423 -0.9740 0,0539 0.1469 951.05 0.3069 1000.03 0.5326 1041.81 0.6837 988.57 0.8348 914.46
-0.7740 0.0440 -0.9770 0.0580 0.1488 941.94 0.3837 990,30 0.5348 1041.29 0.6859 1005.34 0.8370 911.66
-0,7770 0,0435 -0,9800 0.0604 0,1508 920,67 0.3859 991.02 0.5370 1044.95 0.6881 988.91 0.8392 916.59
-0.7800 0.0423 -0,9830 0.0568 0.1527 917,90 0.3881 991,87 0.5392 1041.60 0.6903 980.47 0.8414 904.98
-0.7830 0.0333 -0.9860 0.0579 0.1546 897.62 0.3904 994.38 0.5415 I046.00 0.6926 967.55 0.8437 898.79
-0.7860 0.0309 -0.9890 0.0593 0.1566 884.32 0.3926 998.05 0.5437 1046.98 0.6948 968.20 0.8459 906.70
-0.7890 0.0319 -0.9920 0.0707 0.1585 879.35 0.3948 1002.55 0.5459 1065.86 0.6970 970.41 0.8481 924.17
-0.7920 0.0287 0,1605 865.30 0,3970 1017.83 0,5481 1068,06 0.6992 972.06 0.8503 925.72
-0.7950 0.0251 0.1624 873.69 0.3992 1024.19 0.5503 1065.77 0.7014 956.32 0.8526 899.09
-0.7980 0.0227 CA_EZ-Nu 0.1643 876.69 0.4015 1041.44 0.5526 1065.53 0.7037 953.62 0.8548 904.07
-0.8010 0.0274 0.1663 889,47 0.4037 1038.73 0.5548 1083.12 0.7059 965.49 0.8570 922.01
-0.8040 0.0262 XISL Nu 0,1682 854.14 0.4059 1015.76 0.5570 1080,62 0.7081 971.70 0.8592 904.49
-0.8070 0.0317 0,0384 948.44 0.1701 850.20 0.4081 1021.02 0.5592 1068.37 0.7103 968.41 0.8614 896.77
-0.8100 0.0416 0.0403 956.67 0.1721 834.07 0.4104 1025.50 0.5615 1070.34 0.7126 948.26 0.8637 888.14
-0.8130 0.0458 0.0422 1029.28 0.1740 844.64 0.4126 1030.86 0.5637 1074.56 0.7148 963.63 0.8659 893.37
-0.8160 0.0358 0.0442 1073,42 0.1760 839,17 0.4148 1032.02 0.5659 1079.19 0.7170 969.65 0.8681 888.99
-0.8190 0.0350 0.0461 1085.06 0.1779 833.19 0.4170 1029.24 0.5681 1083.95 0.7192 940.66 0,8703 882.27
-0.8220 0.0357 0.0481 1086.69 0.1798 830,60 0.4192 1015.87 0.5703 1081.05 0.7214 977.76 0.8726 870.66
-0.8250 0.0383 0.0500 1079.49 0.1818 818,21 0.4215 1018.45 0.5726 1096.16 0.7237 985.90 0.8748 852.76
-0.8280 0.0332 0,0519 1059.89 0,1837 827.72 0.4237 1021.81 0.5748 1086.51 0.7259 981.40 0.8770 852.11
-0.8310 0.0369 0.0539 1031.77 0.1856 815.04 0.4259 1014.54 0.5770 1088.75 0.7281 946.34 0.8792 851.13
-0.8340 0.0300 0.0558 1042.07 0,1876 807.09 0.4281 1012.53 0.5792 1084.26 0.7303 939.24 0.8814 853.96
-0.8370 0.0297 0,0577 1023.85 0.1895 817.20 0.4304 1021.29 0.5815 1086.68 0.7326 941.73 0.8837 864.76
-0.8400 0.0278 0.0597 999.36 0.1915 806,93 0.4326 1021.76 0.5837 1094,55 0.7348 943,75 0.8859 882.72
-0.8430 0.0369 0.0616 982.33 0.1934 814.21 0.4348 1013,29 0.5859 1075,42 0.7370 935,97 0,8881 905.71
-0.8460 0.0345 0.0636 970.24 0.1953 797.09 0.4370 1012.16 0.5881 1093.66 0.7392 933.06 0.8903 903.28
-0.8490 0.0383 0,0655 942.39 0.1973 798.83 0.4392 1020,32 0.5903 1072.86 0.7414 950,46 0.8926 905.51
-0.8520 0.0418 0.0674 925.01 0.1992 791.29 0.4415 1015.04 0.5926 1062.73 0.7437 941.00 0.8948 907.08
-0.8550 0.0450 0.0694 906,22 0.2011 786.63 0.4437 1019.27 0.5948 1071.43 0.7459 937.16 0.8970 915.57
-0,8580 0.0451 0.0713 892.18 0.2031 794.06 0.4459 1008.27 0.5970 1089,90 0,7481 945.70 0.8992 928.74
-0,8610 0.0615 0.0732 885.39 0.2050 791.03 0.4481 1010.89 0.5992 1062.99 0.7503 946.13 0.9014 959.59
-0.8640 0.0621 0.0752 877.30 0.2070 806.04 0.4503 1013.38 0.6015 1070.81 0.7526 946.28 0.9037 979.34
-0.8670 0.0547 0,0771 860.16 0.2089 777.74 0.4526 1011.46 0.6037 1103.31 0.7548 949.95 0.9059 981.62
-0.8700 0,0471 0.0791 849.40 0.2108 780.76 0.4548 997.01 0.6059 1059.69 0.7570 939.99 0.9081 979.89
-0.8730 0.0431 0.0810 843.01 0.2128 777.73 0.4570 1000.86 0.6081 1045.17 0.7592 940.30 0.9103 981.23
-0.8760 0.0439 0,0829 831.21 0.2147 762.30 0.4592 1011.23 0.6103 1049.77 0.7614 944.73 0.9126 990.10
-0.8790 0.0367 0.0849 813.09 0.2166 755.99 0.4615 1014.58 0.6126 1069.59 0.7637 938.93 0,9148 997.23
-0.8820 0.0413 0.0868 805.90 0.2186 751.89 0.4637 1007.11 0.6148 1053.26 0.7659 925.08 0,9170 1003.07
-0.8840 0.0393 0.0888 793.59 0.2205 741.93 0.4659 I015.43 0.6170 1048.00 0.7681 913.88 0.9192 1005.34
-0.8870 0.0376 0.0907 784.37 0.2225 746.38 0.4681 1017.38 0.6192 1056.15 0.7703 915.08 0.9214 1015.15
-0.8900 0.0395 0.0926 773.04 0.2244 744.25 0.4703 1016.58 0.6215 1054.18 0.7726 922.45 0.9237 1028.59
-0.8930 0,0474 0.0946 762.20 0.2263 745,43 0.4726 1016.50 0.6237 1050,07 0,7748 920.99 0.9259 1044.32
-0.8960 0.0491 0.0965 762.65 0,2283 740.41 0,4748 1011,79 0.6259 1030.92 0,7770 905.20 0,9281 1051.58
-0.8990 0,0519 0.0984 757.16 0.2302 733.63 0.4770 1016.87 0.6281 1032.39 0.7792 925.13 0,9303 1061.19
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0.9325 1070.01 -0.3080 592.69 -0.5405 537.43 -0.7439 540.52 .0.9473 671.90 0.1290 0.1530 0.2780 0.3310
0.9348 1081.56 -0.3110 584.04 -0.5435 538.66 -0.7469 538.34 .0.9503 677.63 0.1310 0.1690 0.2810 0.3370
0.9370 1105.05 -0.3150 570.87 -0.5465 538.61 -0.7499 540.13 -0.9533 686.67 0.1330 0.2250 0.2850 0.3390
0.9392 1118.00 -0.3180 594.31 -0.5494 540.02 -0.7529 538.04 -0.9563 696.27 0.1350 0.2450 0.2880 0.3060
0.9414 1125.40 -0.3220 557.15 -0.5524 540.53 -0.7559 537.04 .0.9593 705.34 0.1370 0.2300 0.2910 0.2910
0.9437 1131.95 -0.3250 581.62 -0.5554 540.36 -0.7588 535,61 -0.9623 711.04 0.1390 0.2260 0,2940 0.2890
0.9459 1141.26 -0.3290 557.38 -0.5584 540.86 -0.7618 536,80 -0.9653 717.47 0.1410 0.2400 0.2970 0.3060
0.9481 1159.13 -0.3320 575.64 -0.5614 539.80 .0.7648 537.69 -0.9683 724.41 0.1430 0.2530 0.3010 0.2910
0.9503 1179.84 -0.3360 573.11 -0.5644 544.27 -0.7678 537.62 -0.9712 730.67 0.1450 0.2600 0.3040 0.2940
0.9525 1191,23 -0.3390 549.77 -0.5674 544.98 -0.7708 537.75 -0.9742 735.72 0.1470 0.2320 0.3070 0.2800
0.9548 1195.76 -0.3430 574.57 -0.5704 546.51 -0.7738 538.00 -0.9772 747.10 0.1490 0.2380 0.3840 0.2200
0.9570 1215.89 -0.3460 548.40 -0.5734 543.21 -0.7768 536.14 -0.9802 759.16 0.1510 0.2340 0.3860 0.2190
0.9592 1264.40 -0.3500 585.16 -0.5764 537.19 -0.7798 536.04 -0.9832 769.54 0.1530 0.2240 0.3880 0.2230

.0.3530 553.91 -0,5794 538.51 -0.7828 535.23 .0.9862 780.55 0.1550 0.2120 0,3900 0.2300
X/PL Nu -0.3570 565.82 .0.5823 538.50 -0.7858 535.80 .0.9892 788.05 0.1570 0.2050 0.3930 0.2270

-0,0103 831.33 -0.3610 566.21 -0.5853 539.86 -0.7888 534,93 -0.9922 800.28 0,1590 0.2060 0.3950 0.2270
-0,0188 843.08 -0.3640 567.78 -0.5883 542.27 .0.7918 535.76 0.1600 0.2100 0.3970 0.2370
-0.0274 879.01 -0,3680 579.38 -0.5913 544.47 -0.7947 536.19 0.1620 0.2190 0.3990 0.2220
-0.0359 905.82 -0.3710 _.36 -0.5943 543.23 -0.7977 536.06 CASEZ-_ 0.1640 0.2270 0.4010 0.2240
-0.0445 899.45 -0.3750 576.48 -0.5973 540.31 -0.8007 535.92 0.1660 0.2250 0.4040 0.2270

-0.0530 897.39 -0.3780 5,50.39 .0.6003 542.73 -0.8037 535.21 X/$L 11 0.1680 0.2160 0.4060 0.2200
-0.0616 884.70 -0.3820 570.22 -0.6033 543.47 -0.8067 535.44 0.0384 0.4050 0.1700 0.2170 0.4080 0.2250
-0.0701 861.06 -0.3850 566.42 .0.6063 544.94 -0.8097 536.24 0.0403 0.3960 0.1720 0.2020 0.4100 0.2180
-0.0787 825.70 -0.3890 556.68 -0.6093 546.19 -0.8127 536.94 0.0422 0.4020 0.1740 0.2160 0.4130 0.2150
-0.0872 798.70 -0.3920 565.12 -0.6123 544.83 -0.8157 537.07 0.0442 0.3920 0.1760 0.2160 0.4150 0.2180
-0.0958 784.02 -0.3960 544.68 -0.6153 544.04 -0.8187 537.70 0.0461 0.3780 0.1780 0.2210 0.4170 0.2180
-0.1040 741.12 .0.3990 566.65 -0.6182 546.44 -0.8217 537.92 0.0481 0.3640 0.1800 0.2250 0.4190 0.2160
-0.1130 739.14 -0.4030 544.40 -0.6212 547.77 -0.8247 538.21 0.0500 0.3480 0.1820 0.2260 0.4210 0.2140
-0.1210 707.78 -0.4060 568.33 -0.6242 548.27 -0.8277 537.74 0.0519 0.3350 0.1840 0.2230 0.4240 0.2190
-0.1300 703.71 -0.4100 554.09 -0.6272 548.94 -0.8306 538.65 0.0539 0.3170 0.1860 0.2200 0.4260 0.2160
-0.1390 677.34 '0.4130 551.24 -0.6302 544.95 -0.8336 538.60 0.0558 0.3220 0.1880 0.2230 0.4280 0.2110
-0.1470 671.37 -0.4170 563.25 -0.6332 544.06 -0.8366 539.55 0.0577 0.3110 0.1900 0.2260 0.4300 0.2140
-0.1560 654.95 -0.4200 545.18 -0.6362 544.53 -0.8396 541.37 0.0597 0.2960 0.1910 0.2230 0.4330 0.2120
-0.1640 637.30 -0.4240 560.29 -0.6392 546.38 -0.8426 543.27 0.0616 0.2860 0.1930 0.2300 0.4350 0.2120
-0.1730 648.29 -0.4270 546.82 -0.6422 546.52 -0.8456 545.87 0.0636 0.2780 0.1950 0.2230 0.4370 0.2060
-0.1810 627.39 -0.4310 551.33 -0.6452 546.88 -0.8486 547.30 0.0655 0.2600 0.1970 0.2210 0.4390 0.2110
-0.1900 634.20 -0.4350 560.62 -0.6482 549.45 -0.8516 547.93 0.0674 0.2480 0.1990 0.2170 0.4410 0.2060
-0.1980 620.39 -0.4380 557.90 -0.6512 549.39 -0.8546 548.22 0.0694 0.2340 0.2010 0.2190 0.4440 0.2050
-0.2020 621.65 .0.4420 563.48 -0.6541 5,55.02 -0.8576 548.48 0.0713 0.2230 0.2030 0.2230 0.4460 0.2000
-0.2050 607.58 -0.4450 549.00 -0.6571 558.01 -0.8606 549.78 0.0732 0.2170 0.2050 0.2280 0.4480 0.2030
-0.2090 589.97 -0.4490 567.18 -0,6601 555.29 -0.8636 550.60 0.0752 0.2100 0.2070 0.2350 0,4500 0.2030
.0.2130 589.26 -0.4520 554.39 -0.6631 553.62 -0.8665 552.09 0.0771 0.1940 0.2090 0.2200 0.4530 0.2020
-0.2160 568.49 -0.4560 558.89 -0.6661 553.01 .0.8695 555,40 0.0791 0.1850 0.2110 0.2200 0,4550 0.1910
-0.2200 588.70 -0.4590 549.29 -0.6691 552.76 .0.8725 555.90 0.0810 0.1780 0.2130 0.2310 0.4570 0,2000
-0.2230 549.15 -0.4630 549.65 -0.6721 ,553.32 -0.8755 558.52 0.0829 0.1670 0.2150 0.2250 0.4`590 0.1970
-0.2270 558.58 -0.4660 557.02 -0.6751 553.22 -0.8785 564,80 0.0849 0.1530 0.2170 0.2220 0.4610 0.1960
-0.2300 554.03 .0.4700 551.66 -0.6781 551.94 -0.8815 569.43 0.0868 0.1470 0.2190 0.2270 0.4640 0.1930
-0.2340 551.0i -0.4730 555.24 -0.6811 552.71 -0.8845 569.04 0.0888 0.1350 0.2210 0.2230 0.4660 0.2030

-0.2370 566.18 .0.4806 539.63 -0.6841 554.36 -0,8875 573.90 0.0907 0.1280 0.2220 0.2280 0.4680 0.1960
-0.2410 542.54 -0.4836 539.85 -0.6871 553.44 -0.8905 577.29 0.0926 0.1230 0.2240 0,2230 0.4700 0.1920
-0.2440 575.15 .0.4866 538.51 -0.6900 551.81 -0.8935 582.44 0.0946 0.1170 0.2260 0.2320 0.4730 0.1960
-0.2480 561.82 -0.4896 539.52 -0.6930 553.D8 -0.8965 585.53 0.0965 0.1220 0.2280 0.2270 0.4750 0.1870
-0.2510 580,92 -0,4926 538.45 -0.6960 554.04 -0.8995 587.32 0.0984 0.1190 0.2300 0.2280 0.4770 0.1840
-0.2550 574.81 -0.4956 537,15 -0.6990 560.33 -0.9024 591,94 0.1000 0.1200 0.2300 0.2240 0.4790 0.1810
-0.2580 580.43 -0.4986 537.94 -0,7020 553.03 -0.9054 597.26 0.1020 0,1220 0,2330 0.2270 0.4810 0.1880
-0.2620 599.15 -0,5016 541.14 -0.7050 550.63 -0.9084 600,28 0.1040 0,1250 0.2370 0.2260 0.4840 0.1920
-0.2650 589.54 -0.5046 543.01 -0.7080 549.25 -0.9114 600.45 0.1060 0.1140 0.2400 0.2330 0.4860 0.1770
-0.2690 616.58 -0.5076 540.93 -0.7110 548.44 -0.9144 605.31 0.1080 0.1220 0.2430 0.2360 0.4880 0.1820
-0.2720 603.62 -0.5106 541.93 -0.7140 548.93 -0.9174 609.00 0.1100 0.1320 0.2460 0.2300 0.4900 0.1810
-0.2760 627.51 -0.5135 540.36 -0.7170 547.49 -0.9204 612.67 0.1120 0.1240 0.2490 0.2430 0.4930 0.1810
.0.2790 620.28 -0.5165 540.08 -0.7200 545.51 -0.9234 617.89 0.1140 0.1210 0.2530 0.2420 0.4950 0.1730
-0.2830 621.01 .0.5195 540.43 -0.7230 544.98 -0.9264 627.48 0.1160 0.1210 0.2560 0.2430 0.4970 0.1760
.0.2870 619.09 .0.5225 541.16 -0.7259 541,71 -0.9294 634.82 0.1180 0,1260 0.2590 0.2540 0.4990 0.1760
.0.2900 595.90 -0.5255 540,19 -0.7289 541.87 -0.9324 637.96 0.1200 0.1300 0.2620 0.2620 0.5010 0.1750
-0.2940 606.72 -0.528,5 540.02 -0.7319 543.59 -0.9353 642.91 0.1220 0.1250 0.2650 0.2700 0.5040 0.1720
-0.2970 581.84 -0.5315 537.39 -0.7349 546.14 -0.9383 652.89 0.1240 0.1330 0.2690 0.2690 0.5060 0.1740

-0.3010 615.47 -0.5345 537.76 -0.7379 542.30 -0.9413 660.02 0.1260 0.1330 0.2720 0.2850 0.5080 0.1650
-0.3040 621.60 -0.5375 536.78 -0,7409 540.93 -0.9443 666,06 0.1280 0.1460 0.2750 0.3210 0.5100 0.1640
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Appendix 7.2 - Data for Spanwise Averaged Nusselt Number and Film Cooling Effectiveness

0,5130 0.1700 0.6640 0.1340 0.8150 0.0631 .0.0274 0.4120 -0.3680 0.1860 -0,5760 0.0622 -0,7800 0.0120
0,5150 0.1770 0.6660 0.1400 0.8170 0.0692 -0.0359 0.4080 -0.3710 0.1260 -0.5790 0.0637 -0.7830 0.0084
0.5170 0.1740 0.6680 0.1340 0..81_90 0.0678 -0.0445 0.4130 -0.375Q _0_].8_70 -0.5820 0.0661 -0.7860 0.0079
0.5190 0.1720 0.6700 0.1360 0.8210 0.0639 -0,0530 0.4110 -0.3780 0.1180 -0.5850 0.0678 -0.7890 0,0089
0.5210 0.1600 0.6730 0,1300 0.8240 0.0654 -0,0616 0,4020 -0.3820 0.1760 -0.5880 0.0634 .0.7920 0.0081
0.5240 0.1570 0.6750 0.1370 0.8260 0.0703 .0.0701 0.3830 .0.3850 0.1360 -0.5910 0.0636 -0.7950 0.0086
0.5260 0.1560 0.6770 0.1330 0.8280 0.0683 -0.0787 0.3660 .0.3890 0.1070 -0.5940 0.0621 -0,7980 0.0077
0.5280 0.1570 0.6790 0,1330 0.8300 0.0682 -0,0872 0.3450 -0.3920 0.1430 -0.5970 0,0563 -0.8010 0.0079
0.5300 0.1580 0.6810 0.1240 0.8330 0.0692 .0.0958 0,3310 .0,3960 0,1110 .0.6000 0,0556 -0,8040 0,0056
0.5330 0.1570 0.6840 0,1240 0.8350 0.0593 -0.1040 0.3060 -0.3990 0.1520 -0.6030 0.0572 -0,8070 0.0056
0.5350 0.1490 0.6860 0,1360 0,8370 0.0622 -0.1130 0.3030 .0.4030 0,1970 -0,6060 0.0581 -0.8100 0.0035
0,5370 0.1480 0.6880 0.1210 0.8390 0,0596 -0.1210 0.2920 -0.4060 0,1640 -0.6090 0.0580 .0.8130 0,0051
0,5390 0.1490 0.6900 0,1210 0.8410 0,0535 -0,1300 0,2820 -0.4090 0.1060 -0.6120 0,0577 -0.8160 0.0046
0.5410 0,1480 0.6930 0.1170 0.8440 0.0508 -0.1390 0.2850 .0.4120 0,0737 .0,6150 0,0550 -0.8190 0,0044
0,5440 0,1460 0,6950 0.1190 0,8460 0.0567 -0.1470 0.2860 -0.4150 0.0617 -0,6180 0,0580 -0.8220 0.0045
0.5460 0.1490 0.6970 0,1170 0.8480 0.0653 -0.1560 0.2910 -0.4180 0.0633 -0.6210 0,0588 -0.8250 0.0042
0.5480 0.1520 0.6990 0,1270 0.8500 0.0619 -0.1540 0.2820 -0.4210 0.0698 -0.6240 0.0584 .0.8280 0.0039
0.5.500 0.1500 0.7010 0.1110 0.8530 0,0466 -0.1730 0,2850 -0.4240 0,0698 -0.6270 0,0588 -0.8310 0.00.50
0.5530 0.1410 0.7040 0.1170 0.8550 0,0482 -0,1810 0,2830 -0.4270 0,0711 -0.6300 0.0541 -0.8340 0.0052
0.5550 0.1450 0.7060 0.1180 0.8570 0,0483 -0.1900 0,2790 -0.4300 0.0701 -0.6330 0,0527 -0,8370 0.0067
0.5570 0.1440 0.7080 0,1170 0.8590 0,0324 -0,1980 0,2830 -0,4330 0.0758 -0.6360 0,0526 -0.8400 0,0068
0,5590 0,1460 0.7100 0.1180 0.8610 0,0248 .0,2020 0.2820 -0.4360 0,0747 -0.6390 0.0504 -0.8430 0.0058
0.5610 0.1460 0.7130 0,1100 0.8640 0.0236 -0.2050 0.2900 -0.4390 0.0907 .0.6420 0,0526 -0.8460 0.0055
0.5640 0.1380 0.7150 0,1220 0.8660 0.0249 .0,2090 0,2860 -0.4420 0.0855 -0.6450 0.0524 -0.8490 0.0094
0.5660 0.1380 0.7170 0,1210 0.8680 0.0242 -0.2130 0.2830 -0.44.50 0.0834 -0.6480 0,0542 -0,8520 0.0088
0.5680 0.1470 0.7190 0,1080 0.8700 0.0245 -0.2160 0,2700 -0,4480 0,0822 -0,6510 0.0523 -0.8550 0,0072
0.5700 0.1460 0.7210 0.1240 0.8730 0.0134 -0,2200 0.2560 -0.4510 0.0798 -0.6540 0.0595 -0.8580 0.0081
0.5730 0.1490 0.7240 0.1280 0.8750 0.0070 -0,2230 0.2350 -0.4540 0.0782 -0,6570 0.0628 -0.8610 0.0093
0.5750 0.1390 0.7260 0.1210 0.8770 0.0041 -0.2270 0.2230 -0.4570 0.0783 -0.6600 0.0614 -0.8640 0.0129
0.5770 0,1450 0.7280 0,1010 0.8790 0.0028 -0.2300 0.2280 -0.4600 0.0693 -0.6630 0.0575 -0,8670 0.0108
0.5790 0.1340 0.7300 0, II00 0.8810 0.0048 -0.2340 0.2390 -0.4630 0.0671 -0.6660 0.0569 -0.8700 0.0090
0.5810 0.1380 0.7330 0.1000 0.8840 0.0115 -0,2370 0.2740 -0.4660 0.0602 -0,6690 0,0540 -0.8730 0.0094
0.5840 0.1500 0.7350 0.1030 0,8860 0.0171 -0,2410 0,2560 -0.4690 0.0659 -0,6720 0.0574 -0.8760 0.0083
0.5860 0.1450 0.7370 0.0956 0.8880 0.0200 -0.2440 0,2700 -0.4720 0.0666 -0.6750 0.0597 -0.8790 0.0070
0.5880 0.1570 0.7390 0.0982 0.8900 0.0161 -0,2480 0,2620 .0.4750 0.0697 -0,6780 0.0574 -0.8820 0.0094
0.5900 0.1410 0.7410 0.1060 0.8930 0.0125 -0.2510 0.2680 -0,4780 0.0657 -0.6810 0.0534 -0.8840 0.0085
0.5930 0.1320 0.7440 0,0972 0.8950 0.0202 -0.2550 0.2690 -0.4810 0.0714 -0.6840 0.0546 -0,8870 0.0077
0.5950 0. t430 0.7460 0,0992 0.8970 0.0200 -0.2580 0.2610 -0.4840 0.0704 -0.6870 0.0530 -0.8900 0.0085
0.5970 0.1530 0.7480 0,1020 0,8990 0.0234 -0.2620 0.2630 -0.4870 0.0687 -0.6900 0.0566 -0.8930 0.0116
0.5990 0.1470 0.7500 0,1020 0.9010 0.0340 -0.26,50 0.2620 -0.4900 0.0732 -0.6930 0.0618 -0,8960 0.0141
0.6010 0.1590 0.7530 0.1010 0.9040 0.0349 -0.2690 0.2600 -0.4930 0.0663 -0.6960 0.0610 -0.8990 0.0146
0.6040 0,1700 0.7550 0.1050 0.9060 0.0375 -0.2720 0.2650 -0.4960 0.0615 -0.6990 0.0621 -0.9020 0.0164
0.6060 0.1540 0.7570 0.0858 0.9080 0.0410 .0.2760 0.2610 -0.4990 0.0641 -0.7020 0.0573 -0.9050 0.0140
0.6080 0.1490 0.7590 0.0859 0.9100 0.0398 -0.2790 0.2670 -0.5020 0.0653 -0,7050 0.0503 -0,9080 0,0190
0.6100 0.1530 0,7610 0.0980 0.9130 0.0357 -0.2830 0,2660 -0,5050 0.0683 -0.7080 0.0490 -0.9110 0.0216
0.6130 0.16.50 0.7640 0,1020 0.9150 0.0348 -0.2870 0.2770 .0.5080 0.0642 49.7110 0.0462 -0.9140 0.0195
0.61.50 0.1570 0.7660 0,0989 0,9170 0.0374 .0.2900 0.25.50 -0,5110 0.0672 -0.7140 0.0441 -0.9170 0.0184
0.6170 0.1590 0.7680 0.0859 0.9190 0.0345 -0.2940 0.2600 -0.5140 0.0638 -0,7170 0.0435 -0,9200 0.0158
0.6190 0.1490 0.7700 0,0868 0.9210 0.0367 -0.2970 0.2120 -0,5170 0,0684 -0.7200 0,0360 -0,9230 0.0140
0.6210 0,1460 0.7730 0,0918 0,9240 0,0388 -0.3010 0.2140 -0.5200 0.0638 -0,7230 0.0389 .0.9260 0,0195
0.6240 0.1470 0.7750 0.0964 0.9260 0.0444 -0.3040 0.2000 -0.5230 0.0620 -0,7260 0.0337 -0,9290 0,0215
0.6260 0.1480 0.7770 0.0799 0.9280 0.0459 -0.3080 0.2020 -0.5260 0.0633 -0.7290 0.0328 -0,9320 0.0185
0,6280 0.1490 0.7790 0,0921 0.9300 0,0516 -0.3110 0.1820 -0,5290 0.0658 -0.7320 0,0299 -0.9350 0.0203
0,6300 0.1520 0,7810 0.0840 0.9330 0.0536 -0.3150 0.1660 -0.5310 0.0655 -0.7350 0.0329 -0.9380 0.0227
0.6330 0.1500 0.7840 0.0843 0.9350 0,0544 -0.3180 0.1950 -0,5340 0,0616 -0,7380 0.0312 -0.9410 0,0232
0.6350 0,1410 0,7860 0.0860 0.9370 0.0659 -0.3220 0,1540 -0.5370 0,0604 -0,7410 0.0229 -0,9440 0.0239
0,6370 0.1410 0,7880 0.0840 0.9390 0,0757 -0.3250 0.2010 -0,5400 0.0593 -0.7440 0,0212 -0.9470 0.0215
0.6390 0.1680 0.7900 0.0825 0.9410 0.0745 -0.3290 0,1410 -0,5430 0,0570 -0,7470 0.0204 -0.9500 0,0193
0.6410 0.1550 0.7930 0.0835 0.9440 0.0738 -0.3320 0.1890 -0.5460 0.0600 -0.7500 0.0221 -0.9530 0.0217

0.6440 0.1600 0.7950 0.0763 0.9460 0.0757 -0.3360 0,1670 -0.5490 0.0594 -0.7530 0.0164 -0.9560 0,0276
0.6460 0.1420 0.7970 0.0855 0.9480 0.0859 -0.3390 0,1410 -0,5520 0,0584 -0.7560 0.0138 -0.9590 0.0333
0.6480 0,1410 0.7990 0.0755 0.9500 0.0969 -0.3430 0.1860 -0.5550 0.0569 -0.7590 0.0119 -0.9620 0.0292
0.6500 0.1410 0.8010 0.0701 0.9530 0.1040 -0.3460 0.1380 -0.5580 0.0553 -0.7620 0.0131 -0.96,50 0.0254

0.6530 0.1440 0.8040 0.0772 0.9550 0.1080 -0.3500 0.2200 -0.5610 0.0537 -0.7650 0.0149 -0.9680 0.0216
0.6550 0.1550 0.8060 0.0849 0.9570 0.1210 -0.3530 0.1570 -0.5640 0.0648 -0.7680 0.0153 -0.9710 0.0167

0.6570 0.1530 0.8080 0.0893 0.9590 0,1540 -0.3570 0.1820 -0.5670 0,0649 -0.7710 0.0123 -0.9740 0.0117
0.6590 0.1490 0.8100 0.0832 -0.3610 0.1850 -0.5700 0.0673 -0.7740 0.0145 -0,9770 0.0142
0.6610 0.1380 0,8130 0,0555 X/PL 11 -0.3640 0.1940 -0,5730 0.0646 -0.7770 0.0138 -0.9800 0,0161
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Appendix 7.2 - Data for Spanwlse Averaged Nusselt Number and Film Cooling Effectiveness

-0.9830 0.0139
-0.986O 0.0104
-0.9890 0.0055
-0.9920 0.0084
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